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ABSTRACT 


This  study  was  undertaken  to  demonstrate  the  feasibility  of  applying  expert 
system  technology  to  the  Navy's  H-46  helicopter  maintenance  process.  A 
microcomputer-based  prototype  known  as  a  computer-aided  diagnostic  system  (CADS) 
was  developed  for  this  purpose.  Given  a  helicopter  electrical  or  hydraulic  system 
discrepancy,  the  troubleshooter  interacts  with  CADS  to  find  the  cause.  The  prototype 
CADS  was  developed  utilizing  the  M.l  knowledge-based  system  development  tool  by 
Teknowledge,  Inc. 

The  complexity  of  helicopter  systems  diagnosis,  and  inadequacies  of  the 
maintenance  manuals,  often  result  in  unnecessary  removal  of  system  components.  The 
prototype  CADS  is  intended  to  demonstrate  that  a  fully  developed  system,  containing 
all  the  formal  and  heuristic  knowledge  of  11-46  diagnostic  information,  could  eliminate 
these  problems.  Also,  such  a  diagnostic  system  could  provide  a  comprehensive,  stable 
diagnostic  knowledge  base,  regardless  of  personnel  turnover. 

This  study  includes  a  description  of  current  helicopter  maintenance  procedures, 
and  how  the  integration  of  CADS  could  improve  this  process.  Also  included  are 
descriptions  of  expert  systems  and  the  M.l  knowledge-based  system  development  tool: 
hew  they  work,  and  their  applicability  to  structured  selection  problem-solving.  The 
development  and  testing  strategies  used  for  CADS  are  discussed  in  detail.  Results, 
conclusions,  and  recommendations  for  further  study  are  provided. 
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I.  INTRODU  CTION 


A.  GENERAL 

T  hree  objectives  of  the  Naval  Aviation  Maintenance  Program's  (NAMP)  aviation 
material  readiness  standards  established  by  the  Chief  of  Naval  Operations  (CNO)  are: 

1.  Achieve,  for  all  Navy  and  Marine  Corps  aircraft,  a  78%  mission  capable  rate 
for  deployed  aircraft  and  a  73%  mission  capable  rate  overall:  a  61"..  full 
systems  capable  rate  for  deployed  aircraft  and  a  5o'\>  full  systems  capable  rate 
overall. 

2.  Reduce  the  growth  rate  in  Maintenance  Man-hours  per  Plight-Hour 
(MMH  FH)  to  zero  and  maintain  a  level  no  higher  than  the  FY-~S  average. 

3.  Reduce  the  growth  rate  in  maintenance  and  support  costs  per  flight-hour  to 
zero  and  maintain  a  level  no  higher  titan  the  FY-78  average.  [Ref  1:  p.  2-F 

It  is  the  responsibility  of  Naval  aviation  squadrons  to  meet  these  objectives  with 
optimum  use  of  manpower,  material,  and  funds.  Such  is  the  case  with  the  l  rated 
States  Navy's  and  United  States  Marine  Corps'  21  H-46  helicopter  squadrons.  The 
1 1-46  Sea  Knight  is  shown  in  Figure  1.1. 

The  H-46  Sea  Knight  was  developed  and  manufactured  by  the  Boeing  Aircraft 
Company's  Vertol  Division  in  the  1960s.  Since  that  time  many  of  the  helicopter  s 
systems  have  been  modified  or  changed  completely.  Increasingly  complex  helicopter 
systems  and  the  diverse  nature  of  Naval  aviation  operating  requirements  place  a  high 
premium  on  the  ability  of  squadron  maintenance  people  to  achieve  the  aircraft  material 
readiness  standards.  This  ability  is  a  function  of  the  training  that  these  people  receive 
and  the  tools  at  their  disposal.  Any  means  that  can  be  used  to  increase  the 
effectiveness  of  the  maintenance  process  should  enhance  the  ability  of  achieving  these 
objectives. 

Artificial  intelligence  techniques  offer  a  promising  means  for  helping  maintenance 
personnel.  Specifically,  the  type  of  computer  program  known  as  an  expert  system 
deserves  consideration  for  this  purpose.  A  prototype  expert  system  program  known  as 
the  Computer-Aided  Diagnostic  System  (CADS)  has  been  developed  by  the  author  to 
test  the  value  of  such  a  system;  that  is.  to  demonstrate  feasibility  and  applicability  of 
expert  systems  technology  to  Naval  aviation  maintenance. 


Figure  1.1  H-46  "Sea  Knight"  Helicopter. 


B.  BACKGROUND 

To  understand  the  application  of  CADS  a  brief  familiarization  of  the  helicopter 
squadrons'  current  maintenance  troubleshooting  process  is  necessary.  When  a 
helicopter  system  discrepancy  is  discovered  by  pilots,  aircrew,  or  maintenance 
personnel,  the  discrepancy  is  documented  on  a  Maintenance  Action  Form  (MAF). 
The  MAF  is  processed  by  the  squadron's  Maintenance  Control  Office,  which  routes 
the  MAF  to  the  appropriate  maintenance  shop,  i.e.,  hydraulics  shop,  power  plants 
'hop,  or  electrical  shop.  The  maintenance  personnel  of  the  shop,  who  are  trained  in 
that  specific  aircraft  system,  follow  the  Maintenance  Information  Manuals'  (NlIMs) 
troubleshooting  procedures  to  isolate  the  problem  or  symptom,  find  the  cause,  then 
take  the  appropriate  corrective  action.  There  are  approximately  1.5  separate  MI  Ms 
volumes.  Each  volume  contains  troubleshooting  procedures  for  a  specific  helicopter 
system. 

C.  APPLICATION  OF  CADS 

CADS  is  designed  as  a  prototype  microcomputer-based  expert  system  to  aid 
maintenance  personnel  (or  other  squadron  personnel)  diagnose  helicopter  equipment 
failures.  Given  a  helicopter  system  discrepancy.  CADS  will  help  find  the  cause  of  the 
discrepancy. 


Helicopter  aircraft  systems  are  complex.  Finding  the  taunt  of  a  helicopter  stem 
discrepancy  can  involve  difficult  and  time-consuming  troubleshooting  techniques.  \  c 
maintenance  people  must  be  able  to  repair  helicopter  problem.'  quicrvh  and  efficiently 
to  provide  aircraft  that  are  fully  systems-capabie  lcr  the  next  operational  commitment. 
When  the  aircraft  problem  is  complicated,  difficult  to  troubleshoot,  and  not  *  esc  red 
adequately  in  the  Ml. Ms,  troubleshooting  sometimes  becomes  the  mere  changing  M 
black  boxes  and  hoping  the  problem  will  become  fixed.  This  can  result  in  curing  the 
symptom  but  not  the  cause,  aggravation  of  the  problem,  and  time  and  money  waited 
in  maintenance  man-hours  and  parts  costs.  It  is  anticipated  that  the  use  of  a  naily 
developed  CADS  could  reduce  or  even  eliminate  this  problem. 

CADS  also  can  be  used  in  the  squadron  as  a  training  toe!  for  maintenance 
troubleshooting  procedures.  A  fully  developed  CADS  would  contain  knowledge 
representing  the  entire  maintenance  diagnostic  expertise  of  an  aircraft  community. 
Utilizing  the  trace  feature  of  this  expert  system,  maintenance  persons  perhaps  could 
observe  CADS'  reasoning  process  in  finding  the  cause  of  the  problem,  given  the 
discrepancy. 

Such  a  fully  developed  CADS  would  also  provide  a  comprehensive,  stable 
diagnostic  knowledge  base,  regardless  of  personnel  turnover.  The  nature  of  military 
tours  of  duty  creates  the  problem  of  loss  of  corporate  knowledge  as  experienced  people 
are  transferred  elsewhere.  The  diagnostic  skills  of  maintenance  experts  would  remain  in 
the  squadron's  CADS  long  after  the  experts  have  departed. 

The  11-46  helicopter  has  recently  undergone  significant  systems  modifications  in 
an  effort  to  extend  its  serviceable  life.  Under  the  Surviveabihty,  Reliability,  and 
Maintainability  (S,R.&M)  Program  all  11-46  "A"  and  "D"  models  will  have  significant 
systems  modifications,  and  be  redesignated  CH-46D.  A  problem  associated  with  the 
S.R.&M  Program  is  the  lack  of  knowledge  concerning  the  modified  helicopter  systems 
among  operational  squadron  personnel.  The  CADS  developed  for  this  project  contains 
the  troubleshooting  process  as  described  in  the  updated  Ml  Ms  for  S.R.&M  helicopters 
CH-4(>D  '.  and  knowledge  acquired  from  identified  11-46  experts. 

Although  the  CADS  developed  for  this  project  is  not  truly  fully  developed,  it  can 
serve  as  a  prototype  to  demonstrate  the  feasibility  of  applying  expert  system 
technclo.”  to  the  Cnitcd  States  Navy's  11-46  helicopter  maintenance  diagnostic 

process. 


1  1 


D.  OBJECTIVES 


The  objectives  of  this  study  are  as  follows: 

1.  Develop  a  prototype  CADS  to  demonstrate  the  feasibility  of  applying  expert 
system  technology  to  a  maintenance  diagnostic  process.  The  diagnostic  expert 
system  program  is  written  by  ihe  author  utilizing  the  M.l  Knowledge  System 
Development  fool  (version  2.1)  by  Teknowledge.  Inc. 

2.  Demonstrate  the  CADS  applicability  to  the  United  States  Navy's  H-46 
helicopter  maintenance  process. 

E.  RESEARCH  QUESTIONS 

7 'he  main  question  addressed  in  this  study  can  be  summarized  as: 

Is  a  computer-aided  diagnostic  system  feasible  and  applicable  to  the  United 
States  Navy's  11-46  helicopter  maintenance  process? 

Secondary  questions  pertaining  to  the  research  areas  are: 

1.  Squadron  applications. 

•  How  would  the  maintenance  personnel  use  CADS? 

•  How  could  the  CADS  knowledge  base  provide  a  valuable  training  tool  for 
maintenance  personnel? 

•  Could  the  CADS  knowledge  base  contain  the  corporate  knowledge  of  the 
H-46  helicopter  community's  maintenance  diagnostic  expertise,  regardless 
of  personnel  turnover? 

•  Can  other  people  in  the  squadron  use  CADS  program  besides  maintenance 
personnel?  How  will  they  use  CADS? 

•  Why  is  development  of  CADS  particularly  germane  in  view  of  the  recent 
H-46  systems  modifications  (S.R.&M)? 

2.  Use  of  CADS. 

•  What  interaction  is  required  between  CADS  and  the  user? 

•  What  arc  the  hardware,  software,  and  memory  requirements? 

F.  SCOPE  AND  LIMITATIONS 

This  research  focuses  on  the  development  of  the  CADS  prototype  program,  and 
on  its  applicability  to  the  helicopter  maintenance  process.  The  prototype  CADS 
includes  knowledge  related  to  diagnoses  of  the  hydraulic  and  electrical  systems  of  the 
S.R.&M  CH-46D  helicopter.  The  prototype  addresses  every  symptom  and  problem 
cause  for  these  two  systems  as  specified  in  the  MIMs  troubleshooting  tables.  It  also 
contains  a  limited  amount  of  the  heuristic  knowledge  of  Nava!  Aeronautical 
Engineering  Service  Unit  (NAESU)  technical  representatives,  and  squadron 


maintenance  experts.  A  fully  developed  CADS  is  beyond  the  time  and  monetary- 
constraints  of  this  research.  The  prototype  CADS  software  is  intended  as  an  aid  to 
using  the  MI  Vis.  The  prototype  is  by  no  means  a  replacement  for  these  technical 
publications.  However,  ultimately  a  fully  developed  CADS  could  preclude  the  use  of 
written  maintenance  manuals. 

This  research  will  not  include  a  discussion  of  CADS  implementation  issues  in  the 
helicopter  squadrons.  Testing  the  diagnostic  expert  system  program  in  the  squadron 
will  be  limited;  therefore  the  program  cannot  be  considered  completely  validated. 

G.  ORGANIZATION  OF  STUDY 

Chapter  II  contains  a  description  of  the  Naval  Aviation  Maintenance  Program's 
Maintenance  Data  System  (MDSf  Discussion  includes  maintenance  documentation 
procedures,  troubleshooting  procedures,  and  how  integrating  CADS  could  enhance  the 
process,  thereby  improving  readiness  of  the  squadrons.  Chapter  III  discusses 
knowledge-based  expert  systems,  and  the  M.l  knowledge-based  system  development 
tool.  Chapter  IV  describes  in  detail  the  development  of  the  prototype  CADS,  and  how 
it  works.  Chapter  V  discusses  the  results  and  conclusions  of  this  research.  It  also 
provides  suggestions  for  further  study,  and  recommendations  for  the  use  of  CADS  and 
M.l.  Chapter  VI  provides  an  executive  summary  of  this  study  and  its  results. 
Appendix  A  contains  a  glossary  of  acronyms  used  in  this  study.  A  sample  diagnostic 
consultation  session  is  contained  in  Appendix  B.  The  prototype  CADS  knowledge 
base  is  contained  in  Appendix  C. 


II.  SQUADRON  MAINTENANCE: 
CURRENT  PROCESS  AND  CADS  INTEGRATION 


Prior  to  describing  how  expert  systems  work  and  the  CADS  development 
process,  it  is  necessary  to  describe  the  aviation  MDS  used  by  the  helicopter 
troubleshooters,  in  order  to  understand  how  CADS  would  be  integrated.  This  chapter 
explains  MDS.  maintenance  action  documentation  procedures,  troubleshooting 
procedures,  and  integrating  CADS  into  the  troubleshooting  process. 

A.  MAINTENANCE  DATA  SYSTEM 

The  MDS  was  developed  to  provide  data  input  to  the  NAMP  for  the  purpose  of 
meeting  the  aviation  material  readiness  standards  established  by  the  CNO.  The 
description  of  MDS  is  quoted  directly  from  volume  II  of  NAMP: 

The  MDS  is  a  Management  Information  System  (MIS)  designed  to  provide 

statistical  data  for  use  at  all  management  levels  relative  to: 

a.  Equipment  maintainability  and  reliability. 

b.  Equipment  configuration,  including  alteration  and  Technical  Directive  (TD) 
status. 

c.  Equipment  mission  capability  and  utilization. 

d.  Material  usage. 

e.  Material  nonavailability. 

f.  Maintenance  and  material  processing  times. 

g.  Weapon  system  and  maintenance  material  costing.  [Ref.  2:  p.  11-1] 

The  MDS  requires  that  any  work  done  on  an  aircraft  is  to  be  documented  by  the 
person  performing  the  work.  The  maintenance  person  converts  a  brief  narrative 
description  of  the  job  into  codes  and  enters  the  coded  information  onto  standard  forms 
or  source  documents.  The  source  documents  arc  collected  and  forwarded  to  a  data 
service  facility,  where  the  data  are  converted  to  machine  records.  From  these  records 
Maintenance  Data  Reports  (MDR)  are  produced,  which  are  periodic  report  listings 
summarizing  the  maintenance  data.  The  MDRs  are  supplied  to  squadron  maintenance 
supervisors  to  assist  them  in  planninc  and  directing  the  maintenance  effort. 


Application  of  the  management  information  provided  by  the  MDR  assists  in 
identifying,  among  other  things,  trend  analysis  of  the  following: 

•  Areas  in  which  there  are  skill  or  training  deficiencies. 

•  Efficient  or  inefficient  use  of  available  manpower. 

•  Parts  with  high  failure  rates. 

•  Inadequate  troubleshooting. 

These  four  areas  are  specifically  noted  as  they  are  most  applicable  to  this  research. 

B.  MAINTENANCE  ACTION  DOCUMENTATION  PROCEDURES 

One  type  of  MDS  source  document  is  the  Visual  Information  Display 
System '.Maintenance  Action  Form  (VIDS/MAF)  shown  in  Figure  2.1.  VIDS  MAFs 
are  used  to  document  over  17  specific  types  of  maintenance  actions,  as  outlined  in 
NAMP.  Included  are  such  maintenance  actions  as  troubleshooting  man-hours, 
removal  and  replacement  of  aircraft  parts,  repair,  the  performance  of  scheduled 
inspections,  and  accumulated  man-hours  as  a  result  of  work  stoppage  for  parts  or 
maintenance. 

A  VIDS/MAF  is  originated  by  the  squadron  Maintenance  Control  Office 
personnel  or  by  aircrew,  when  an  aircraft  discrepancy  is  discovered.  The  form  is  also 
used  to  document  scheduled  periodic  maintenance  or  special  aircraft  inspections  that 
become  due.  The  initiated  VIDS  MAF  provides  for  recording,  among  others,  the 
following  types  of  data,  quoted  directly  from  NAMP: 

a.  Job  Control  Number  (JCN). 

b.  Identity  of  the  organization  and  the  work  center  in  which  the  work  is  being 
performed. 

c.  The  type  equipment,  system,  subsystem,  and  component  upon  which  work  is 
being  performed. 

d.  ilow  the  malfunction/discrepancy  failure  occurred,  and  when  it  was  discovered, 
and  the  action  taken  to  correct  it.  [Ref.  2:  p.  1 1-3] 

Maintenance  Control  forwards  a  copy  of  the  VIDS  MAF  to  f  '  appropriate 
work  center.  For  example,  if  the  discrepancy  is  "No.l  Generator  failure  light 
illuminated  in  flight",  the  VIDS  MAF  copy  will  be  routed  to  the  electrical  shop.  The 
work  center  supervisor  screens  the  document,  enters  applicable  data,  and  assigns 
workers  to  the  task. 

When  complex  problems  occur,  troubleshooting  often  requires  a  great  amount  of 
time.  In  these  cases  troubleshooting  time  is  separated  from  repair  time  by 
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documenting  two  VI DS  MAFs:  one  to  reflect  troubleshooting  time,  the  other  to 
record  repair  time. 

C.  TROUBLESHOOTING  PROCEDURES 

The  maintenance  personnel  assigned  to  correct  the  discrepancy  consult  the 
appropriate  MI  Ms  volume.  In  the  above  example,  it  would  be  the  Electrical  Systems 
volume.  Within  each  of  the  15  MI  Ms  volumes  are  either  troubleshooting  tables  or 
troubleshooting  sections,  which  outline  isolation  procedures  for  system  symptoms. 
Maintenance  people  from  the  work  center  perform  the  isolation  procedures,  diagnosing 
the  discrepancy  to  find  the  cause  of  the  problem.  Consider  the  example  symptom  of  a 
No.l  Generator  failure  light  that  has  illuminated  on  the  helicopter's  cockpit  caution 
light  panel.  This  symptom  description  would  be  entered  on  the  VIDS  MAP  by  the 
aircrewman  who  discovered  it.  as  shown  in  Figure  2.1.  It  is  similarly  listed  in  the 
MIMs  troubleshooting  tables  as  "GEN  FAIL  light  on  (both  generators  oni  rotors  at 
flight  RPM"  [Ref.  3:  p.  3]. 

The  maintenance  workers  search  the  troubleshooting  tables  of  the  Electrical 
System  MIM  for  this  specific  symptom,  then  perform  the  isolation  procedures.  A 
portion  of  the  troubleshooting  tables,  which  they  would  use  for  this  particular  problem, 
is  contained  in  Figure  2.2  [Ref.  3:  p.  3J.  Other  than  what  is  contained  in  the 
troubleshooting  tables,  the  MIMs  do  not  fully  describe  each  step  of  action  and  its 
conseciuenccs.  The  troubleshooters  learn  this  through  training  and  experience.  This 
experience  could  easily  be  included  in  CADS.  A  flow  diagram  of  this  troubleshooting 
procedure  for  this  example  is  shown  in  Figure  2.3  to  assist  the  reader. 

According  to  the  MIMs  troubleshooting  tables,  there  are  two  possible  outcomes 
from  this  isolation  procedure,  i.e..  1)  the  generator  comes  on  line,  and  the  No.l  GEN 
FAIL  light  extinguishes,  or  2)  the  No.l  GEN  FAIL  light  remains  illuminated.  For  the 
first  outcome,  the  MIM  gives  the  cause  as  a  supervisory  panel  malfunction.  For  the 
second,  the  troubleshooters  perform  subsequent  isolation  checks,  to  find  the  possible 
cause  of  the  generator  failure.  See  Figures  2.2  and  2.3. 

This  structured,  methodical  process  of  searching  for  the  possible  cause  of  an 
aircraft  problem  is  universal  in  Naval  aviation  maintenance.  Having  found  the  exact 
cause  of  the  problem  after  performing  all  applicable  isolation  procedures,  the 
maintenance  workers  again  refer  to  the  MIMs.  Each  problem  cause  has  specific 
corrective  actions,  which  are  briefly  mentioned  in  the  troubleshooting  tables.  Detailed 
corrective  action  procedures  arc  contained  in  other  sections  of  the  MIMs. 
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6.  Table  1  includes  isolation  procedures  and  D.  One  DC  BUS  light  on  (either  or  both 

corrective  actions  for  symptoms  identified  by  generators  on)  rotors  at  flight  RPM. 
letters  as  follows: 

E.  Opposite  DC  BUS  light  on  (one  generator 

A.  GEN  FAIL  light  on  (both  generators  on)  on)  rotors  at  flight  RPM. 
rotors  at  flight  RPM. 

7.  When  troubleshooting  the  AC1/DC  generation 

B.  One  ESSENTIAL  BUS  light  on  (either  or  systems  refer  to  the  following  schematics: 
both  generators  on)  rotors  at  flight  RPM. 

a.  AC  System  -  WP  003  00.  figure  2. 

C.  One  or  both  ESSENTIAL  BUS  lights  on 

(associated  with  one  generator)  rotors  at  flight  b.  DC  System  and  Battery  -  WP  004  00, 

RPM.  figure  2. 


Table  1.  AC  System  Troubleshooting 


CAUSE 

ISOLATION  PROCEDURE 

CORRECTIVE  ACTION 

A.  Gen  Fail  Light  On  (Both  GEN'S  On)  Rotors  At  Flight  RPM. 

Supervisory 

With  generators  "OFF" 

It  generator  comes  on  line. 

Panel 

cross  connect  the  opposite 

remove  and  replace  super- 

Malfunction 

Supervisory  Panel  into 
malfunctioning  system 
using  both  test  cables  (figures 

1  and  2)  turn  "ON"  discrepant 

AC  system. 

visory  panel. 

Generator 

With  main  generators  selected 

If  voltages  are  correct,  check 

Malfunction 

and  both  generator  switches  "ON", 
check  for  115  to  120  vac  pins  A,  B, 
and  C  to  ground  of  the  related 
generator  test  receptacle 
(161J3)  (161J4)  or  terminals  M, 

P,  and  R  respectively  of  the 
terminal  board  on  generator 
test  cable  (figure  1). 

phasing,  contactor  control  and 
switch  control.  If  all  voltages 
are  missing  or  very  low,  check 
excitation,  PMG  output  and 
feeder  fault.  If  one  or  two 
voltages  are  xero,  check  gen¬ 
erator  feeder  wires.  (NOTE: 
Voltage  readings  taken  at  test 
receptacles  with  generator 
switch  in  test  position  are  no 
load  voltage  indications  , 

These  readings  may  not  indi¬ 
cate  an  RF1  generator 

PMG 

With  generators  off.  connect  the 

If  voltage  is  low,  disconnect 

Output 

generator  test  cable  (figure  1) 

test  cable  receptacle  at  heiicop- 

fncorrect 

between  the  supervisory  panel 
receptacle  and  connector  plug 
(241 P5)  (241 P6)  on  the  malfunc¬ 
tioning  system.  At  the  test  termi¬ 
nal  board,  check  for  approximately 
38  vac  between  ground  and  term¬ 
inal  E  and  terminal  H. 

ter  cable  plug  and  repeat 
measurement.  If  voltage  does 
not  rise  to  approximately  38 
vac,  the  pm  section  of  the  gen¬ 
erator  is  defective.  If  voltage 
is  normal,  check  exciter  wind¬ 
ing. 

Figure  2.2  Electrical  Systems  MIMs  Troubleshooting  Table. 
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AC  SYSTEM  SYMPTOM: 


#1  GEN  FAIL  Light  On 


Perform  first  isolation  procedure 


ISOLATION 

PROCEDURES 

OUTCOMES. 


Generator  Comes  On  Line  ana 
GEN  FAIL  Light  Extinguisnes 

Problem  Cause  =  Suoervisory  Panel 
Malfunction 


Generator  Goes  not  come 
on  line 

GEN  FAIL  Light  Stiil  ON 

I  Perform  2nd  Isolation 
Procedure 


ISOLATION 

PROCEDURES 

OUTCOMES. 


ONE  OR  TWO  VOLTAGES  j 

ZERO  ! 

/N 


VOLTAGES  CORRECT 


Check:  Phasing, 
Contactor 
Control, 
Switch  Control 
Perform  Isolation 
Procedures 


ISOLATION 

PROCEDURES 

OUTCOMES: 


IMPROPER  PHASE  ROTATION 

Problem  Cause  =  Phasing 
Connections  Incorrect 


PHASING  OK 


Perform  Contactor 
Control  Isolation 
Procedures 


ISOLATION 

PROCEDURES 

OUTCOMES. 


23  VDC  NOT  PRESENT 

^-ooiem  Cause  = 

Faulty  Wiring 


P’ooiem  Cause  = 
Faulty  Contactor 
Control 


CON  i  AC .  OR  C< 

|Perform  Switcn  Control 
Isolation  ?rocecures 


Figure  2.3  Troubleshooting  Flow  Diagram. 
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D.  INTEGRATING  CADS  INTO  THE  TROUBLESHOOTING  PROCESS 


Diagnosing  helicopter  discrepancies  is  a  process  which  involves  more  than  simply 
following  isolation  procedures  in  Ml  Ms.  It  takes  a  person  with  formal  knowledge  and 
experience  to  diagnose  accurately  and  to  know  exactly  which  parts  are  defective.  Very 
few  mechanics  in  ar.y  aircraft  squadron  are  recognt/ed  as  good  troubleshooters. 
Individual  -  aspiring  to  be  good  troubleshooters  will  constantly  refer  to  the  maintenance 
manuals,  'they  will  also  ask  the  squadron  s  recognized  experts  how  effective 
troubleshooting  is  performed.  What  happens  when  the  manuals  contain  incomplete 
information,  or  have  not  been  updated  with  current  airframes  changes?  Worse  yet, 
when  the  experts  in  the  unit  are  transferred,  who  will  maintain  their  knowledge  and 
experience  needed  lor  the  maintenance  effort,  and  who  will  impart  that  knowledge  to 
the  people  aspiring  to  attain  those  skills? 

CADS  may  solve  some  of  these  problems,  but  may  result  in  others  as  well.  How 
wduIu  CADS  be  integrated  into  the  maintenance  troubleshooting  process?  How  would 
the  maintenance  personnel  use  CADS  in  this  process? 

Several  assumptions  are  necessary  before  these  questions  can  be  answered.  These 
include: 

1.  Each  squadron  work  center  has  (or  has  access  to)  a  Zenith  24S  or  IBM  PC 
compatible  microcomputer. 

2.  Each  work  center  has  a  copy  of  the  CADS  program  contained  on  5.25  inch 
floppy  diskettes. 

3.  All  maintenance  personnel  in  the  squadron  have  received  training  on  how  to 
operate  the  microcomputer,  and  can  boot  up  the  CADS  program. 

4.  Ail  maintenance  personnel  have  received  training  in  the  use  of  the  CADS 
program. 

5.  There  is  a  qualified  knowledge  engineer  in  the  squadron  to  maintain  the  CADS 
program. 

When  the  work  center  receives  a  AIDS  MAF,  the  workers  assigned  can 
immediately  boot  up  CADS  to  begin  troubleshooting.  The  MI  Ms  will  still  be  required, 
as  the  prototype  CADS  does  not  contain  the  corrective-action  repair  procedures.  The 
advantage  of  CADS  is  that  its  use  could  possibly  reduce  the  time  required  in 
troubleshooting  the  discrepancy.  CADS  oilers  a  much  faster  means  of  searching  for 
the  correct  isolation  procedures  for  a  problem  symptom. 

Using  the  Ml  Ms  is  often  difficult  because  the  maintenance  persons  constantly 
must  turn  pages  between  the  troubleshooting  tables,  the  appropriate  part  diagrams  and 


figures,  and  the  corrective  action  procedures  section.  Using  CADS  on  a 
microcomputer  with  the  \1I Ms  would  eliminate  the  need  for  constantly  referring  back 
and  forth  between  sections.  The  maintenance  people  can  interact  with  CADS,  while 
leaving  the  MI  Ms  open  to  the  appropriate  figures  and  diagrams.  Of  course,  the 
ultimate  system  would  integrate  a  fully  developed  CADS,  all  maintenance  procedures, 
and  include  ail  figures  and  diagrams.  Through  the  use  of  "pull  down  windows ",  all 
information  would  be  available  to  the  maintenance  person  on  the  computer,  literallv  at 
his  her  finger  tips.  This  would  eliminate  the  need  for  manuals. 

Cases  of  rarely  occurring  or  particularly  difficult  problems  may  be  beyond  the 
expertise  of  squadron  maintenance  personnel.  The  symptoms  and  isolation  procedures 
may  not  be  contained  in  the  MI  Ms  troubleshooting  tables.  The  squadron 
Maintenance  Officer  may  request  assistance  from  the  NAEISU  technical 
representatives.  The  NAUSU  technical  representatives  are  civilian  systems  engineers 
with  in-depth  training  and  experience  with  specific  aircraft  systems.  They  combine 
formal  knowledge  with  heuristics  (rules  of  thumb)  to  solve  the  helicopter's  problem. 

The  heuristics  of  these  experts  are  not  contained  in  the  MI. Ms,  but  could  be 
contained  in  a  fully  developed  CADS.  Historic  cases  of  problems  not  addressed  in  the 
Ml  Ms  could  be  acquired  from  the  experts,  then  programmed  into  CADS.  Should  new 
problems  occur,  they  also  could  be  programmed  into  CADS.  This  would  further 
expand  and  improve  the  CADS  knowledge  base.  This  aspect  of  CADS  is  particularly 
important  when  there  are  no  technical  representatives  readily  available. 

Availability  of  this  troubleshooting  expertise  is  often  crucial  to  deployed  H-46 
units  of  the  Navy  and  Marine  Corps.  The  Navy  has  five  Helicopter  Combat  Support 
Squadrons  with  H-46  helicopters.  Four  of  the  five  squadrons  deploy  units  known  as 
detachments  on  ships  at  sea  for  extended  periods  (six  to  nine  months).  Lach 
detachment  contains  two  II-46  helicopters,  six  pilots,  and  approximately  20 
maintenance  men.  It  is  hoped  that  the  detachment  members  will  possess  enough 
knowledge  and  experience  to  fix  any  H-46  helicopter  problem  that  could  occur,  without 
support  of  the  mother  squadron  or  technical  representatives.  But  what  if  they  have  a 
problem  that  is  beyond  their  expertise?  Having  a  fully  developed  CADS  onboard  ship 
would  prove  to  be  of  immeasureable  value  to  deployed  H-46  units. 

I  here  are  also  situations  in  which  non-maintenance  people  in  the  squadron  could 
utilize  CADS.  A  common  scenario  involves  an  aircraft  and  crew  that  fly  cross  country 
to  another  military  airfield,  which  has  limited  or  no  H-46  maintenance  support 


capabilities.  Upon  post-flight  inspection  it  is  found  that  hydraulic  fluid  is  covering  the 
entire  inboard  aft  section  of  the  helicopter.  The  exact  source  of  the  leak  is  not  readily 
apparent.  None  of  the  crew  are  aviation  hydraulic  systems  technicians.  They  call  the 
mother  squadron  (on  a  Sunday  morning)  for  help.  The  duty  personnel  are  all 
administrative  technicians.  Although  unfamiliar  with  maintenance  procedures  and  the 
use  of  MI  Ms,  the  duty  persons  could  provide  immediate  information  to  the  stranded 
crew.  With  the  CADS  diskettes  and  a  microcomputer  in  the  squadron  duty  office,  they 
could  boot  up  CADS,  and  tell  the  aircrew  the  isolation  procedures  for  the  symptom. 

The  author  believes  that  integrating  CADS  into  the  squadron  environment  could 
improve  the  effectiveness  and  efficiency  of  the  squadrons'  maintenance  efforts.  Quite 
possibly  the  improvement  would  be  reflected  in  the  MDRs.  The  MDRs  generated 
after  CADS  integration  could  be  compared  to  those  generated  prior  to  CADS. 
Reductions  of  troubleshooting  man-hours,  removal  and  replacement  of  aircraft  parts, 
repair  times,  and  accumulated  man-hours  as  a  result  of  work  stoppage  for  maintenance 
would  be  possible  indications  of  improvement. 


III.  DESCRIPTION  OF  EXPERT  SYSTEMS  AND  M.I 


A  definition  of  an  expert  system  is  given  by  Professor  I'd  ward  I  eigenbaurn  of 
Stanford  University,  one  of  the  leading  researchers  m  expert  svstems: 

.  .  .  an  intelligent  computer  program  that  uses  knowledge  and  inference 
procedures  to  solve  problems  that  are  difficult  enough  to  require  significant 
human  expertise  for  their  solution.  Knowledge  necessary  to  perform  at  such  a. 
level,  plus  the  inference  procedures  used,  can  be  thought  of  as  a  model  of  the 
expertise  of  the  best  practitioners  of  the  field. 

The  knowledge  of  an  expert  system  consists  of  facts  and  heuristics.  The 
"facts"  constitute  a  body  of  information  that  is  widely  shared,  publicly  available, 
and  generally  agreed  upon  by  experts  in  the  field.  The  "heuristics'  are  mostly 
private,  little-discussed  rules  of  good  judgment  (rules  of  plausible  reasoning,  rules 
of  good  guessing)  that  characterize  expert-level  decision  making  in  the  field.  The 
performance  level  of  an  expert  system  is  primarily  a  function  of  the  size  and  the 
quality  of  a  knowledge  base  it  possesses.  [Ref.  4:  p.  5] 

A.  EMPHASIS  ON  KNOWLEDGE-BASED  EXPERT  SYSTEMS 

Knowledge-based  expert  systems  can  be  considered  the  most  popular  type  of 
applied  Artificial  Intelligence  (AI)  systems.  Why  knowledge-based  expert  systems?  AI 
research  has  been  aimed  primarily  at  creating  a  machine  with  the  capability  to  perform 
problem  solving  by  attempting  to  duplicate  the  human  thinking  process.  Less  abstract 
are  knowledge-based  expert  systems,  which  focus  on  domain-specific  knowledge  used 
for  solving  narrowly  defined  problems. 

Fredrick  Hayes-Roth,  Donald  A.  Waterman,  and  Douglas  B.  Lenat  contend  that: 

Machines  that  lack  knowledge  seem  doomed  to  perform  intellectually  trivial 
tasks.  Those  that  embody  knowledge  and  apply  it  skillfully  seem  capable  of 
equaling  or  surpassing  the  best  performance  of  human  experts.  Knowledge 
provides  the  power  to  do  work;  knowledge  engineering  is  the  technology  that 
promises  to  make  knowledge  a  valuable  industrial  commodity.  [Ref.  5:  p.  3] 

Knowledge  engineering  can  be  defined  as  the  technology  of  building  expert 
systems.  Knowledge  engineers  develop  expert  systems  by  performing  activities  of 
problem  assessment,  knowledge  acquisition,  and  representing  the  acquired  knowledge 
as  rules  in  the  system. 


There  are  several  reasons  for  emphasis  on  knowledge-based  systems  in 
comparison  with  cognitive  reasoning  methods,  or  even  conventional  program'..  First, 
many  of  the  difficult  and  interesting  problems  cannot  be  reduced  to  an  adaptable 
algorithm.  Conventional  programs  process  data  by  means  of  complex  algorithms 
which  yield  specific  quantifyable  results.  They  are  written  in  code  only  programmers 
understand.  Knowledge-based  systems  must  be  user  friendly  by  their  very  nature. 
Highly  interactive,  they  require  user-supplied  answers  to  questions  generated  by  the 
program  in  order  to  function.  Knowledge-based  systems  allow  the  user  to  halt  the 
processing  at  any  time  and  ask  why  a  particular  line  of  questioning  is  being  pursued  or 
how  a  particular  conclusion  was  reached. 

Second,  human  experts  have  had  a  good  track  record  at  problem-solving  in  their 
fields  because  they  are  knowledgeable.  If  a  computer  can  be  programmed  to  have  this 
knowledge  it  follows  that  it  too  can  have  good  problem-solving  performance. 

Third,  knowledge  engineers  and  experts  maintain  knowledge-based  systems,  while 
programmers  maintain  conventional  programs.  The  action  of  a  knowledge-based 
system  is  to  reason  through  a  problem,  not  merely  execute  a  mathematical  model. 
Consequently,  the  skills  of  experts  in  the  given  field  are  required  in  order  to  transfer 
their  abilities  to  the  computer  and  keep  those  abilities  current. 

Fourth,  the  knowledge  base  is  readable,  and  can  be  modified  easily.  The  experts' 
knowledge  can  be  represented  by  sets  of  "if-then"  rules  written  in  plain  English. 

Barr  and  Feigenbaum  suggest  that  in  order  for  expert  systems  to  be  useful  and 
perform  at  a  significant  level  of  expertise  they  must  include: 

•  Facts  about  the  domain. 

•  Hard  and  fast  rules  or  procedures. 

•  Problem  situations  and  what  might  be  good  things  to  do  when  you  are  in  them 
'  heuristics). 

•  Global  strategies  (methods  of  approaching  any  problem  within  the  overall 
domain). 

•  Differential  diagnoses  (methods  of  breaking  specific  large  problems  into  smaller 
ones  to  solve  i. 

•  Possible  theories  about  the  domain  itself  (how  and  why  the  domain  is  the  way  it 
isi.  (Ref.  6:  p.  S 1 J 

Aircraft  troubleshooting  readily  fits  into  the  context  of  a  knowledge-based  expert 
system.  Fault  diagnosis  involves  inferring  possible  causes  from  a  list  of  observable 
conditions  and  potential  Haws  m  system  components,  following  an  "if-then'  format.  In 


the  H-46  troubleshooting  tables,  the  observable  conditions  are  the  results  of  the 
isolation  procedures  listed  for  each  symptom  (see  Figure  2.2).  Fach  of  these 
'  observables"  infers  a  possible  problem  cause.  Given  the  advantages  of  knowledge- 


based  systems  (compared  to  conventional  programming),  Barr  and  Feigenbaum's  must- 
ha-,  c  itents,  phis  the  "if-then"  structure  of  troubleshooting,  a  diagnostic  system  fits 
perlectly  :r.;o  ’he  !m  me  work  of  a  knowledge-based  expert  system. 

B.  DFSC  RIPTION  OF  M.l. 

W.c  ruing  to  loseph  S  Ya\or«ky.  the  M.l  expert  system  shell  operates  as 


\1  1  ;s  .1  sc ph.stxated  knowledge  engineering  tool  to  aid  development  of 
w'.edce-b.i-ed  expert  '> stems  that  are  diagnostic  prescription  oriented,  jit  is 
v.ip  ,b.e  :  w  titan, mg  up  to  25<M»  rules  and  facts  [Ref.  p.  l-l(l'.  lypic.., 

.;t'p. ns  ..  mam  i"o-2<»n  rules;.  It  is  designed  to  seek  a  goal  defined  by  the 

p:i  g:  •.  muter  n  present  a  single  solution  or  multiple  possible  solutions  to  a 
g:  'hem.  \I  1  will  accept  l  \ KNOWN  as  an  answer,  answer  questions  about  its 
:e,;s. g  during  a  consultation,  and  will  calculate  certainty  factors  for 

cjy.lus;  >r.s.  it  has  a  sop'nisti.ated  user  interface  with  windowing  capabilities 

which  makes  ,t  a'cr  friend  a  .  and  eases  the  development  of  a  system.  Ml 
r-.nju.res  .m  IBM  P<  .  XI  .  A  I,  or  compatible  microcomputer,  using  PC  DOS  2.< * 
r  later  w : t :  a  minimum  RAM  of  5 1 2 K  bytes  and  two  disk  drives.  [Ref.  N  p  24; 

(  ADS  v.as  developed  using  a  scries  of  microcomputers  (IBM  PC.  IBM  AT. 
(  OMP  \().  /I  N!  ill  24s  i,  wrh  hard  disk  drives  and  monochrome  and  color  monitors. 

\lti.  e iri.er  versions  of  M.l  were  implemented  in  PROLOG.  M.l  version  2." 
i:.d  '.  .-er  ;s  a:  ••c:.  ;  the  <  pregr  tmir.mg  language,  which  is  transparent  to  the  user. 
1  ii.s  rds  \l  :  .■  w.ip  ibditv  a!  accC'-smc  database  and  calculating  programs  using  C 
la;. gu  ;ge  rat. he  I cap ibilny  was  not  investigated  in  this  research.  M  1  car. 
a... ess  ether  V  I  pr.  crams.  1  he  knowledge  base  program  code  written  by  the 
devch  per  ..m  be  prepared  <m  eg.  standard  word  processor  such  as  Wordstar,  and  is  in 
hue  form  of  diets  .md  ;l-:hen  rules  similar  to  written  Fuglish. 

1.  Inference  Fngine 

I  acts  are  represented  as  attribute-vaiue  pairs  called  expressions  that  describe 
the  attributes  and  relationships  o!  objects.  I  he  rules  represent  application  of  'hose 
objects  ;r.  certain  situations,  facts  and  rules  characterize  formal  and  heuristic 
knowledge.  1  lie  M  I  udet en.ee  engine  is  described  by  Yavorsky  us  follows: 


The  inference  engine  will  seek  values  for  expressions  by  methodically  considering 
previously  stored  conclusions  (cached  values),  relevant  knowledge  base  entries, 
and  information  supplied  by  the  user.  Previously  stored  conclusions  can  be  those 
facts  that  never  change  that  are  resident  in  the  prog-am,  or  values  that  have  been 
determined  previously  during  the  run  of  the  program.  These  conclusions  are 
stored  in  what  is  known  as  the  cache.  Relevant  knowledge  base  entries  are  the 
rules  and  processes  in  the  program  which  will  determine  through  inferencing,  the 
values  for  the  expression.  If  values  have  not  been  determined  by  either  the 
search  through  the  cache,  or  by  inferencing,  then  M.l  asks  the  user 

What  is  the  value  of:  Expression? 

The  reference  manual  for  M.l  gives  a  succinct  example  of  the  order  in  which  a 
value  is  sought  for  an  expression  [Ref.  7:  pp.  4-2  -  4-3): 

As  an  example,  consider  the  simplest  possible  knowledge  base,  consisting  of  a 
single  knowledge  base  entry: 

goal  =  advice 

When  you  begin  a  consultation  using  this  knowledge  base,  the  following  events 
take  place: 

1.  The  inference  engine  identifies  the  goal  expression  of  the  consultation  and 
begins  to  seek  a  value  for  advice. 

2.  M.l  checks  to  see  if  advice  is  an  arithmetic  expression  for  which  it  can  simply 
compute  the  value.  It  is  not. 

3.  M.l  searches  the  cache  for  a  prior  conclusion  for  advice.  As  no  such 
conclusion  yet  exists,  the  search  is  unsuccessful. 

4.  M.l  searches  through  the  knowledge  base  for  an  entry  that  can  help 
conclude  a  value  for  advice.  No  such  entry  exists,  so  again  the  search  fails. 

5.  M.  1  asks  a  question: 

What  is  the  value  of:  advice? 
to  which  you  may  respond: 

>  >  sell  <  Enter  > 

6.  The  system  has  found  a  value  for  its  goal  expression.  M.l  displays  the 
conclusion,  along  with  its  justification,  and  returns  you  to  the  top-level 
interpreter. 

advice  =  sell  (100%) 

because  you  said  so 

M.l  > 

The  method  M.l  uses  to  seek  values  for  expressions  via  knowledge  base  entries  is 
called  backward  chaining.  [Ref  S:  pp.  24  -  26) 


Backward  chaining  is  a  control  strategy  that  starts  with  a  goal  or  an  expected 
conclusion  and  works  backwards,  looking  for  evidence  (other  goals  or  expressions)  that 
support  or  contradict  the  expectation.  Backward  chaining  is  shown  in  Figure  3.1. 


Figure  3.1  Backward  Chaining. 


The  M.l  reference  manual  gives  a  good  example  of  its  use  of  backward 

chaining: 

.  .  .  consider  the  following  simple  knowledge  base: 

kb-1:  goal  =  best-color. 
kb-2:  if  main-component  =  fish 

then  best-color  =  white. 
kb-3:  if  day-of-week  =  friday 

then  main-component  =  fish. 
kb-4:  question(day-of-week)  = 

'What  is  the  day  of  the  week?'. 
kb-5:  if  best-color  =  white 

then  wine  =  chablis. 

When  a  consultation  is  run  with  this  knowledge  base,  the  following  takes  place: 


1.  M.l  begins  seeking  the  goal  expression,  best-color.  After  first  checking  the 
cache,  the  inference  engine  tries  to  find  a  knowledge  base  entry  that  might 
conclude  a  value  for  best-color. 

2.  Finding  kb-2,  the  inference  engine  then  tests  the  premise  of  that  rule  by- 
trying  to  find  a  value  for  main-component. 

3.  After  checking  the  cache  and  finding  no  conclusion  mentioning  main- 
component.  the  inference  engine  locates  kb-3  and  tries  to  use  it.  kb-3  causes 
M.l  to  seek  day-of-week. 

4.  The  only  knowledge  base  entry  that  can  help  find  a  value  for  day-of-week  is 
kb-4,  so  you  are  asked  the  question: 

What  is  the  day  of  the  week? 

>  > 

5.  If  you  answer  friday,  M.l  concludes  that  day-of-week  is  equal  to  friday,  and 
notes  that  fact  in  the  cache. 

6.  This  causes  kb-3  to  succeed,  and  M.l  notes  that  main-component  =  fish  in 
the  cache. 

7.  This  causes  kb-2  to  succeed,  and  the  inference  engine  notes  that  best-color  = 
white.  Since  this  is  the  goal  of  the  consultation,  M.l  displays  its  conclusions 
and  returns  you  to  the  top-level  interpreter: 

best-color  =  white  (100%) 
because  kb-2 

M.l  > 

Had  you  answered  anything  other  than  friday,  all  the  rules  would  have  failed  and 
M.l  would  have  indicated  that  it  could  not  find  a  value  for  the  goal  expression: 

best-color  was  sought,  but 

no  value  was  concluded. 

Note  that  M.l  does  not  invoke  kb-5  even  though  logically  it  could  use  kb-5  to 
infer  that  wine  =  chablis  after  the  last  conclusion  was  noted.  It  does  not  do  so 
because  nothing  caused  it  to  seek  the  value  of  wine.  M.l  never  invokes  a  rule 
unless  its  conclusion  provides  a  value  for  the  expression  currently  being  sought. 

An  expression  is  never  sought  unless  it  is  explicitly  declared  to  be  a  goal  (or 
initial  data)  or  unless  it  is  sought  as  a  result  of  backchaining  from  a  goal. 
[Ref.  7:  pp.  4-11  -  4-13] 

M.l  also  has  a  limited  forward  chaining  capability.  Forward  chaining  starts 
with  known  or  available  information  provided  by  the  user,  stored  in  the  cache,  or  with 
facts  in  the  knowledge  base.  The  goal  or  conclusions  are  based  on  pre-determined 
rules  and  the  available  information.  Forward  chaining  is  shown  in  Figure  3.2.  This 
control  mechanism  can  also  be  used  to  seek  expressions  and  conclusions  that  are  in  a 


Figure  3.2  Forward  Chaining. 


sequence-specific  pattern.  The  M.l  command  whenfound  or  whencached  forces  the 
inference  process  to  search  rules  in  a  particular  sequence.  Used  in  the  form 
whenfound(EXPRESSION  =  VALUE)  =  LIST 
means  that  if  the  EXPRESSION  has  the  specified  VALUE,  then  the  LIST,  which  can 
be  one  or  more  other  EXPRESSIONS,  is  true.  For  example,  if  the  discrepancy  on  an 
H-46  is  "No.  I  Generator  failed  in  flight",  this  is  an  Alternating  Current  (AC)  electrical 
system  problem.  A  control  mechanism  is  needed  to  force  M.l  to  exclusively  search 
rules  that  deal  with  the  AC  electrical  system: 

whenfound(major-system  =  electrical)  = 

[  electrical-sub-system,  electrical-sys-symptom  J. 

M.l  will  interrupt  its  backward-chaining  process  to  seek  values  for  the  two 
EXPRESSIONS  in  the  brackets.  In  the  above  example,  the  user  would  be  prompted 


for  values  of  the  two  EXPRESSIONS 


Which  electrical  sub-system  is  the  problem  located? 


1.  AC  system 

2.  DC  system 

3.  APU  system 


/  .»  --  .*  S 


.  4*.  /.  f.  A 


The  correct  response  being 

>  >  AC  system  <  Enter  > 

therefore 

electrical-sub-system  =  AC  system. 

The  value  for  electrical-sys-symptom  is  found  similarly.  When  it  has  found  those  values 
it  resumes  its  backward-chaining  search  through  rules  with  those  specific  values. 

2.  Uncertainty 

There  are  cases  when  the  troubleshooters  are  not  absolutely  certain  that  they 
have  found  the  specific  cause  of  a  problem.  Even  having  followed  the  proper 
diagnostic  procedures,  which  led  to  one  cause,  there  exists  the  uncertainty  that  there 
may  be  another  cause  of  the  problem.  M.l  has  the  ability  to  represent  and  use 
uncertain  knowledge.  Yavorsky  discusses  M.l's  handling  of  uncertainty  as  follows: 


Certainty  factors  indicate  the  degree  to  which  a  fact  is  believed  as  indicated  by  an 
integer  between  -100  and  +  100,  where: 


•  +  100  represents  complete  certainty. 

•  20  represents  a  minimum  threshold  of  belief. 

•  0  represents  no  evidence  for  or  against. 

•  Negative  numbers  represent  belief  that  the  fact  is  false. 

•  -  100  represents  complete  certainty  that  the  fact  is  false. 

Within  M.l  certainty  factors  less  than  100  (the  default  value)  may  arise  because: 

•  the  answer  to  a  question  is  qualified  by  a  certainty  factor,  or, 

•  a  fact  in  the  knowledge  base  has  an  attached  certainty  factor,  or, 

•  the  conclusion  of  a  rule  contains  a  certainty  factor.  [Ref.  7:  p.  4-16) 

As  evidence  accumulates  during  a  consultation,  certainty  factors  must  be 
combined  to  come  up  with  a  single  level  of  confidence  for  the  final  conclusion. 
In  combining  two  positive  certainty  factors,  the  formula  used  is: 

CF-noted  =  CF1  +  (CF2)%  of  ( 100  -  CF1). 

An  example  is  shown  in  Figure  3.3  [Ref.  7:  p.  4-17],  Certainty  Factor  1  (CF1)  = 
50  and  Certainty  Factor  2  (CF2)  =  30.  So  the  Certainty  of  the  conclusion  (CF- 
noted)  =  65  or: 

65  =  50  +  (.30)  *  (100  -  50). 

The  combination  of  two  pieces  of  negative  evidence  is  the  same  as  that  for  two 
pieces  of  positive  evidence,  with  the  exception  that  after  the  calculation,  the 
negative  is  taken  of  the  result.  The  formula  is  thus: 


I  JU  J-4 


.^Vltf^L'vyv  w 


CF  50 


CF  30 


50  65 


100 


CF  30 


100 


kb- 1 :  if  main-component  =  meat 

then  best-coior  =  red  ef  50. 
kb-2:  if  nreferred-color  =  red 

then  best-coior  =  red  cf  30. 
kb-3:  main-component  =  meat. 
kb-4:  preferred-color  =  red. 
kb-5:  goal  =  best-color. 


best-color  =  red  cf  65 

because  kb- 1  and  kb-2. 


Figure  3.3  Combining  Two  Positive  Certainty  Factors. 


CF-noted  =  -  (|  CF1  I  +  |  CF2  1%  of  (100  -  |  CF1  |)) 

=  CF1  +  CF2%  of  (100  +  CFl). 

For  example,  for  a  Certainty  Factor  1  (CFl)  =  -50  and  a  Certainty  Factor  2 
(CF2)  =  -30  the  Certainty  Factor  concluded  (CF-noted)  =  -65. 

-65  =  -50  +  (-30)  *  (100  +  (-50)) 

To  combine  both  positive  and  negative  evidence,  the  two  certainty  factors  are 
added,  then  the  result  multiplied  by  a  scaling  factor  of  100  (100  -  A)  where  A  is 
the  smailer  of  the  absolute  values  of  the  two  factors.  The  formula: 

CF-noted  =  (CFl  +  CF2)  *  100/100  -  A), 

A  =  min(|  CFl  |,|  CF2  i). 

An  example  is  shown  in  Figure  3.4  [Ref,  7:  p.  4-19].  Certainty  Factor  1  (CFl)  = 
-50  and  Certainty  Factor  2  (CF2)  =  70.  A  =  mind  -50  |,  |  70  |)  =  50.  So  the 
certainty  of  the  conclusion  (CF-noted)  =  40  or: 

40  =  (-50  +  70)  *  (100/(100  -  50)).  [Ref.  8:  pp.  27  -  29] 


CF  -50 


CF  70 


50  70 

B 


CF  4C 


kb- 1:  if  main-comDOnent  =  fish 

th*n  best-color  =  red  cf  -50. 
k.b-2:  if  sauce  =  tomato 

then  hest-color  =  red  cf  70. 
kb-3:  main-comnonent  =  fish. 
kb-4:  sauce  =  tomato. 
kb-5:  goal  =  be st -color. 

best-color  =  red  cf  40 

because  kb- 1  and  k'n-2. 


Figure  3.4  Combining  Positive  and  Negative  Certainty  Factors. 

The  Teknowledge  Reference  Manual  provides  a  list  of  interesting 
consequences,  when  using  the  above  method  for  calculating  the  combination  of 
certainty  factors: 

•  The  final  certainty  factor  is  independent  of  the  order  in  which  evidence  is  found. 

•  As  positive  evidence  accumulates,  the  resulting  certainty  factor  approaches,  but 
cannot  pass.  100.  Similarly,  accumulating  negative  evidence  can  approach,  but 
not  pass,  -100. 

•  Once  the  certainty  of  a  conclusion  reaches  100  or  -100,  it  cannot  be  changed 
again  by  additional  incoming  esidence. 

•  Certainties  below  100  cannot  combine  to  produce  100.  Certainties  above  -100 
cannot  combine  to  produce  -100. 

•  0  combined  with  any  certainty  factor  leaves  the  certainty  factor  unchanged. 

•  Equal  positive  and  negative  evidence  will  exactly  cancel  out  (except  -  100  and 
-100,  that  cannot  be  changed  once  concluded).  [Ref.  7:  pp.  4-19  -  4-20] 


.1X1 


This  chapter  gave  Teigenbaum's  definition  of  an  expert  system.  It  also 
presided  a  discussion  of  why  knowledge-based  systems  have  become  popular  for 
problem-solving  situations,  the  advantages  of  expert  systems  over  conventional 
programming,  and  why  diagnostic  svstems  meet  the  criteria  for  use  ir.  a  kncwlcdge- 
based  system  as  defined  by  Barr  and  l  eigenbaum.  The  remainder  of  the  chapter  was  a 
description  of  the  basic  workings  of  the  knowledge  engineering  tool  \1.1,  based  on 
Yivorsky's  discussions.  This  included  the  hardware  and  software  requirements  for 
running  M  l,  how  the  M.l  inference  engine  works,  and  how  M  l  handles  uncertainty. 
I'he  next  chapter  will  describe  the  strategy  used  to  develop  the  prototype  CADS 
knowledge-based  expert  system  using  M  l 


IV.  CADS  DEVELOPMENT  STRATEGY 


The  strategv  used  to  deseiop  CADS  was  derised  from  a  combination  of  three 
methodologies  for  building  expert  systems.  They  are  Harmon  and  King  [Ref.  4:  p. 
17S[,  Haycs-Roth,  Waterman,  and  Lenat  [Ref.  5:  pp.  159  -  1601.  and  Teknowledge.  Inc. 
[Ref.  9:  pp.  11-1-11-4'.  These  methodologies  can  be  summarized  in  the  following  six 
stens: 

1.  Identify  and  define  a  problem  or  task.  Test  for  expert  system  suitability. 

2.  Select  a  tool  to  build  the  expert  system. 

3.  Acquire  and  analyze  knowledge  of  the  domain-specific  area. 

4.  Construct  several  example  cases  that  the  expert  system  will  solve. 

5.  Build  a  prototype. 

6.  Test,  revise,  and  expand  the  prototype. 

A.  STEP  1:  IDENTIFY  AND  DEFINE  A  TASK 

The  task  of  troubleshooting  helicopter  system  problems  was  chosen  for  for  this 
study  for  several  reasons.  The  author's  experience  as  a  helicopter  squadron  Post 
Maintenance  Functional  Check  Pilot  has  indicated  that  'good'  troubleshooting  skills 
arc  particularly  difficult  to  obtain.  These  skills  arc  difficult  to  obtain  because  of  the 
extensive  training  and  experience  required.  The  lack  of  comprehensive  documentation 
of  helicopter  problems  and  troubleshooting  procedures  intensifies  this  difficulty. 

Once  identified,  the  task  area  was  tested  for  expert  system  feasibility  using  the 
criteria  outlined  by  Haycs-Roth.  Waterman,  and  I.enat  (Ref.  5:  p.  16u[.  and  the 
Teknowledge  VI. 1  Sample  Knowledge  Systems’  manual  [Ref.  9:  pp.  11-5  -  1 1  -SJ: 

1.  The  task  urea  should  .  .focus  on  a  narrow  specially  ilia!  does  not  involve  a  lot  nj 
common  sense  knowledge'  [Ref.  5:  p.  160].  Most  of  what  is  known  about  11-46 
diagnostic  procedures  is  formal  knowledge  contained  in  the  maintenance 
manuals.  It  is  well  defined,  specific,  and  accepted  by  the  experts.  1  or  these 
reasons  this  task  meets  the  domain-specific  criteria,  and  does  not  require  the 
exclusive  use  of  common  sense  knowledge  for  problem-solving. 

2.  ('mod  domains  and  'asks  are  knowledge-intensive.  Knowledge-intensive  tasks  are 
domain  areas  in  which  higher  competence  levels  are  gained  through 


increased  knowledge  of  and  experience  in  the  task.  Because  of  this  relationship 
between  competence  and  knowledge,  knowledge-intensive  tasks  are 
characterized  by  considerable  differences  in  peoples'  performance  ability.  The 
knowledge  domain  of  troubleshooting  helicopter  problems  fits  this  definition  of 
a  knowledge-intensive  task. 

3.  Facts  arc  accessible  and  generally  understood  by  typical  users.  Tacts  and 
terminology  about  troubleshooting  H-46  helicopters  arc  familiar  to  maintenance 
people.  Novice  troubleshooters  generally  know  how  to  hook  up  and  use 
equipment  such  as  voltage  meters  to  gather  facts  about  a  problem.  The 
diagnostic  expert  system  could  ask  the  troubleshooters  for  voltage  meter  test 
results,  which  they  would  understand. 

4.  Facts  are  stable  for  the  duration  of  a  consultation.  Facts  about  a  helicopter 
problem  generally  remain  true  or  false  throughout  a  troubleshooting  session. 
For  example,  if  a  troubleshooter  is  using  a  voltage  meter  to  gather  information 
about  a  (ailed  generator,  the  voltage  readings  will  remain  the  same  during  a 
particular  troubleshooting  procedure.  The  problem  docs  not  change. 

5.  Solutions  are  enumberable.  If  ail  possible  solutions  to  a  problem  can  be  listed  in 
advance  the  solutions  are  enumerable.  The  maintenance  manuals' 
troubleshooting  tables  list  most  of  the  possible  causes  for  all  system  symptoms. 
Those  not  covered  in  the  tables  can  be  acquired  from  the  experts. 

6.  Entities  in  the  domain  are  discrete.  Helicopter  system  problems  can  be  readily 
described  as  facts,  values,  and  objects.  For  example,  the  isolation  procedures 
for  troubleshooting  the  symptom  "No.l  GEN  FAIT  light  On"  is  to  test  for 
generator  terminal  voltages,  and  cross-connect  supervisory  panels,  checking  if 
the  generator  comes  on  line.  These  conditions  are  discrete  entities  with  specific 
values.  The  values  can  be  "true"  or  "false",  "yes"  or  "no",  or  numeric.  They  arc 
not  continuous  or  "fuzzy"  like  trying  to  describe  the  "attractiveness"  of  an 
fina  ncial  investment. 

The  task  passes  the  "telephone  test".  The  domain  area  of  a  troubleshooting 
problem  passes  the  telephone  test  as  described  in  the  Teknowledge  M  l  Sample 
Knowledge  Systems"  manual: 

A  competent  performer  could  help  the  intended  user  of  your  knowledge  system 
over  the  phone.  This  means  that  a  verbal  dialog  is  sufficiently  rich  to  capture 
the  important  facets  of  the  problem.  If  perception  plays  an  important  role  in 
problem  solving,  then  the  task  will  fail  the  telephone  test.  The  knowledge  of  a 
master  mechanic  who  depends  on  the  sounds  and  odors  of  the  engine  will  be 
difficult  to  capture,  for  example,  tinless  the  mechanic  and  end-user  arc  able  to 
communicate  about  these  cues  unambiguously.  [Ref.  9.  p.  1 1  - S ] 

After  identifying  a  problem  and  testing  for  expert  system  feasibility,  the  scope 
and  limitations  of  the  knowledge  base  were  defined.  These  are  described  in  Chapter  1. 
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B.  STEP  2:  SELECTING  A  TOOL 


The  knowledge  system  development  tool  marketed  by  Teknowledge,  Inc.,  known 
as  M.l,  was  selected  for  use  on  this  protect  after  consideration  of  the  available  tools. 
The  M.l  tool  has  many  advantages.  First,  M.l  is  designed  to  prototype 
diagnosis  prescription  consultations  [Ref.  4:  p.  179],  The  problem  selected  for  this 
study  concerns  such  consultations. 

Second,  programming  with  M.l  is  relatively  easy  to  learn,  and  resulting  programs 
are  easy  to  use.  It  is  programmed  using  "if-then"  rules  written  in  near  plain  English. 

Third,  M  l  has  been  applied  to  automotive  diagnostic  systems.  Diagnostic 
processes  are  basically  similar,  which  makes  M.l  an  excellent  tool  for  the  problem 
considered  in  this  study. 

Fourth,  M.l  is  available  for  educational  purposes  at  the  Naval  Postgraduate 
School  by  agreement  with  Teknowledge.  The  documentation  and  teaching  materials 
that  accompany  the  M.l  program  diskettes  are  clear  and  easy  to  read. 

Last,  the  knowledge  base  program  can  be  written  using  any  IBM  PC  compatible 
word  processor.  Both  SIDEKICK  by  Borland  International,  Inc.,  and  WORDSTAR 
by  MicroPro  International  Corp..  which  have  similar  editing  commands,  were  used. 
SIDEKICK  has  the  advantage  of  allowing  the  author  to  alternate  rapidly  between  the 
running  program  and  the  text  editor  to  make  changes  to  the  knowledge  base.  This 
facilitates  debugging  and  adding  rules.  However,  SIDEKICK  has  a  limit  of 
approximately  1300  lines  of  text  or  program  code  per  notepad  file.  When  a  knowledge 
base  module  exceeded  this  limit,  WORDS  EAR  was  utilized. 

C.  STEP  3:  ACQUIRE  AND  ANALYZE  KNOWLEDGE 

Knowledge  acquisition  (KA)  is  probably  the  most  dilFicult  step  in  building  expert 
systems.  It  involves  ".  .  .the  transfer  and  transformation  of  problem-solving  expertise 
from  some  knowledge  source  to  a  program"  [Ref.  5:  p.  129].  Mark  D.  Grover  describes 
KA  as  a  three  phase  process:  domain  definition,  fundamental  knowledge  formulation, 
and  basal  knowledge  consolidation.  I  he  three  phases  are  shown  in  Figure  4.1 
[Ref.  IO|. 

KA  is  pertinent  throughout  expert  system  development.  Because  of  this 
importance,  Grover's  KA  cycle  was  integrated  with  the  six  steps  of  the  CADS 
development  strategy.  The  relationship  between  the  KA  cycle  and  the  six  development 
steps  is  shown  in  Figure  4.2. 


Figure  4.1  Knowledge  Acquisition  Cycle. 

The  first  phase  of  the  KA  cycle  is  described  by  Grover  as: 

.  .  .  the  careful  understanding  and  recording  of  the  domain.  The  goal  is  the 

production  of  a  Domain  Definition  Handbook  containing: 

•  General  problem  description, 

•  Bibliography  of  reference  documents, 

•  Glossary  of  terms,  acronyms,  and  symbols, 

•  Identification  of  authoritative  "experts," 

•  Definition  of  appropriate  and  realistic  performance  metrics,  and 

•  Description  of  example  reasoning  scenarios.  [Ref.  10] 

This  research  documentation  is  considered  the  Domain  Definition  Handbook  for 
this  project.  The  general  problem  description  and  the  identification  of  reference 
documentation  were  accomplished  in  step  one  of  the  development  process.  The 
knowledge  engineer  then  must  become  familiar  with  the  knowledge  domain.  This  is 
done  by  acquiring  knowledge  from  books,  manuals,  technical  publications,  and 
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Figure  4.2  KA  Cycle  and  CADS  Development  Relationship. 

pamphlets.  The  objective  is  to  investigate  and  become  familiar  with  any  structured 
problem-solving  methodology  that  the  domain  utilizes.  The  author  as  the  knowledge 
engineer  familiarized  himself  with  the  H-46  diagnostic  process.  The  knowledge  and 
process  were  analyzed  to  prepare  for  the  construction  of  sample  cases,  which  are 
discussed  in  step  four.  The  bibliography  of  reference  documents  for  CADS  consists  of 
the  H-46  maintenance  manuals. 

A  glossary  was  initiated  (contained  in  Appendix  A)  to  include  acronyms  and 
expressions  which  are  characteristic  of  Nava!  aviation  maintenance. 

Identification  of  experts  in  the  domain  was  accomplished  by  asking  the  Naval  Air 
Systems  Command  H-46  Program  Manager  (NAV.URSYSCOM  PM  A- 26F)  to  identify 
technical  representatives  who  are  knowledgeable  about  the  recently  modified  H-J6. 
Five  Naval  Aeronautical  Engineering  Service  Unit  (NAESU)  technical  representatives 
were  identified.  They  are  located  at  Marine  Corps  Air  Station  Tustin.  California,  and 
Naval  Air  Station  North  Island,  California. 
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A  discussion  of  the  performance  metrics  and  formulation  of  sample  cases  >  -f. 


next  section. 


D.  STEP  4:  CONSTRICT  SEVERAL  SAMPLE  CASES 

Phase  two  of  Grover's  KA  cycle  is  fundamental  knowledge  formulation,  v.hich 
includes  steps  three,  four,  and  live  of  the  CADS  development  process,  ir.  tins  ph..sc 
initial  cases  are  selected  and  formulated  lor  solution  by  the  expert  s\  stem. 
Fundamental  knowledge  should  represent  situations  that  are  typical,  '-veil  unders;  x  d. 
and  have  expected  conclusions.  When  the  initial  cases  have  been  formulated,  the 
identified  domain  expert  reviews  the  cases  for  correctness.  "This  review  forms  .< 
baseline  for  minimum  performance,  predictable  testing  and  correction,  and  direful 
delineation  of  capabilities  which  can  be  expanded  and  subjected  to  experimentation 
[Ref.  10].  This  cure  of  reviewed  initial  cases  becomes  what  Grover  calls  the 
Fundamental  Knowledge  Corpus. 

Constructing  the  initial  sample  cases  can  be  considered  the  first  step  toward 
designing  the  s\ stem  and  identifying  the  performance  criteria.  Tire  performance  metrics 
of  the  system  were  defined  as  follows: 

F  The  goal  of  the  initial  cases,  and  ultimately  the  entire  system,  should  be 
identified.  What  is  the  system  supposed  to  solve? 

2.  The  isolation  procedures  should  be  displayed  to  the  user. 

3.  Iftc  system  should  ask  the  user  questions  about  the  outcomes  of  the  performed 
isolation  procedures. 

4.  The  user  should  be  given  a  list  of  possible  answers  to  the  questions  that  the 
system  asks. 

5.  Based  on  the  user's  responses  the  system  should  display  the  correct  conclusion 
about  the  helicopter  problem  (goal). 

What  is  the  troubleshooter's  goal?  The  goal  is  to  find  the  cause  of  a  helicopter 
system  problem.  In  terms  of  Vi.l: 

goal  =  problem-cause. 

1  inding  the  actual  cause  of  a  helicopter  problem  is  paramount.  Once  the  actual  cause 
is  known  then  the  correct  appropriate  action  can  be  taken,  instead  of  merely  changing 
components,  without  really  identifying  whether  the  component  contains  the  fault. 

After  the  goal  of  the  system's  knowledge  base  was  identified,  the  initial  scenarios 
were  constructed  from  the  symptoms  and  isolation  procedures  of  the  maintenance 
manuals'  troubleshooting  tables.  The  problem  causes  listed  in  the  troubleshooting 
tables  were  examined,  then  the  isolation  procedures  were  analyzed  to  identify  the 
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conditions  that  would  lead  a  troubleshooter  to  those  causes  (goal).  The  outcomes  and 
conditions  of  the  isolation  procedures  became  the  antecedents  of  rules  for  which  the 
problem-cause  was  the  conclusion.  Several  rules  were  then  drafted  on  paper,  written  in 
pseudo-Engiish.  i.e. ,  the  "if-then"  format  acceptable  to  VI.  1. 

Relering  to  the  example  discrepancy  discussed  in  Chapter  II.  the  No.l  electrical 
generator  malfunctions  on  the  helicopter.  One  of  the  symptoms  of  this  problem  is  that 
the  No.l  generator  failure  light  has  illuminated  on  the  cockpit  caution  light  panel. 
This  symptom  is  listed  in  the  troubleshooting  tables  as  "GEN  TAIL  light  On".  See 
Figure  2.2.  According  to  the  troubleshooting  tables,  there  are  two  outcomes  of  the 
isolation  procedure  (cross-connecting  the  supervisory  panels):  1)  the  generator  comes 
on  line  and  the  No.l  GEN  FAIL  light  extinguishes,  or  2)  the  generator  does  not  come 
on  line  and  the  light  remains  illuminated.  If  the  generator  comes  on  line  then  the 
supervisory  panel  should  be  replaced,  implying  that  the  cause  is  a  faulty  supervisory 
panel.  The  symptom  and  each  of  these  outcomes  are  conditions  which  would  lead  a 
troubleshooter  to  this  problem-cause.  The  rule  can  be  written  thus: 
if  symptom  =  'GEN  FAIL  light  On' 
and  'generator  comes  on  line' 
then  problem-cause  =  'Faulty  Supervisory  Panel'. 

The  CADS  program  prompts  the  user  for  the  symptom  and  possible  values  for 
the  conditions,  in  M.l  each  of  these  conditions  is  recognized  as  an  expression.  M.l 
then  uses  meta-facts  to  determine  the  values  of  the  expressions.  Meta-facts  are 
knowledge  base  entries  that  provide  information  or  directions  about  how  to  determine 
a  value.  .  .  [Ref.  9:  p.  4-6].  The  most  common  meta-fact  used  is  a  question: 
question('generator  comes  on  line')  = 

['Having  performed  the  isolation  procedure, 
does  the  generator  come  on  line?']. 

The  answers  to  this  question  arc  displayed  using  the  M.l  meta-fact  legalvals,  which  list 
the  legal  values  of  the  expression  generator  comes  on  line'.  The  possible  responses  to 
this  question  are  written  in  the  meta-fact: 

legalvals('generator  comes  on  line')  =  ['ves'.'no']. 

Had  the  user  answered  yes',  the  expression  generator  comes  on  line'  would  be  true, 
and  the  problem-cause  displayed,  ending  the  consultation. 

Rules  arid  meta-facts  were  written  on  paper  following  this  logic  for  several 
problem-causes.  A  set  of  meta-facts  and  rules  leading  to  a  conclusion  (goal)  are 


considered  a  case  or  scenario.  These  meta-facts  and  rules  were  then  coded  into  the 
program  for  an  initial  prototype,  which  is  discussed  next. 

E.  STEP  5:  BUILDING  A  PROTOTYPE 

The  strategy  for  building  the  initial  (.'ADS  prototype  was  to  use  the  adaptive 
design  method,  better  known  as  prototyping.  E'sing  the  prototyping  method,  a 
knowledge  engineer  can  1)  build  a  working  system  quickly.  2)  evaluate  the 
appropriateness  of  the  initial  design  quickly  without  investing  large  amounts  of  time 
and  energy  into  an  unworkable  design,  and  e)  make  adaptions  to  the  design,  user 
interfaces,  and  outputs.  Once  an  initial  working  prototype  is  developed,  the  knowledge 
engineer  can  modify  and  refine  the  program  as  necessary. 

The  ability  to  make  changes  and  adaptions  to  the  CADS  knowledge  base  system 
design  is  important.  When  the  initial  CADS  prototype  was  completed,  interviews  with 
the  11-46  maintenance  experts  were  conducted  to  acquire  their  knowledge  of 
troubleshooting  techniques  and  procedures.  They  reviewed  the  MI  Ms  troubleshooting 
tables  for  correctness  and  added  new  information.  The  prototype  CADS  knowledge 
hase  was  modified  accordingly,  to  include  this  expert  knowledge. 

Using  the  prototyping  approach,  the  first  set  of  rules,  questions,  and  meta-facts 
were  written,  entered  into  M  l,  and  run.  Logic  flow  and  solutions  to  helicopter 
discrepancies  were  compared  with  those  given  in  the  maintenance  manuals.  As  CADS 
yielded  the  correct  problem-cause,  more  rules  and  knowledge  base  entries  were  written. 
The  knowledge  bases  for  each  sub-system  of  the  electrical  and  hydraulic  systems  were 
completed  in  this  iterative  manner. 

The  logical  and  physical  structures  of  the  CADS  knowledge  base  are  similar. 
T  he  knowledge  base  is  divided  into  modules.  Each  module  represents  a  subsystem 
knowledge  base.  The  electrical  system  is  divided  into  three  subsystems:  AC  system, 
DC  system,  and  API.  system.  The  hydraulic  subsystems  are  the  flight  control  system, 
flight  control  pressure  indicating  system,  utility  power  system,  and  the  utility  pressure 
indicating  system.  This  structure  is  shown  in  figure  4.3. 

Using  this  "divide  and  conquer  approach,  each  knowledge  base  module  was 
written  independently.  This  structure  was  chosen  over  the  option  of  having  one. 
immense  knowledge  base.  Modularizing  the  CADS  knowledge  base  allowed  the 
knowledge  engineer  to  concentrate  on  a  specific  subsystem,  enhancing  the  ability  to 
debug  and  revise. 
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Figure  4.3  CADS  Knowledge  Base  Structure  Chart. 

Modularizing  requires  that  there  be  a  top-level  control  module  to  initialize  the 
CADS  program,  and  to  load  the  appropriate  knowledge  base  file.  The  top-level 
module  begins  the  CADS  consultation  by  offering  the  user  directions  and  asking  in 
which  major  system  and  subsystem  the  aircraft  problem  is  located.  The  appropriate 
knowledge  base  is  then  loaded. 

F.  STEP  6:  TEST,  REVISE,  AND  EXPAND  THE  PROTOTYPE 

Grover's  third  phase  of  the  KA  cycle  is  basal  knowledge  consolidation,  which 
relates  to  steps  three,  five,  and  six  of  the  CADS  development  strategy.  This  phase  is 
an  iterative  process  with  the  objective  of  testing,  improving,  and  expanding  what 
Grover  calls  the  Fundamental  Knowledge  Corpus.  Basal  knowledge  can  be  considered 
a  core  knowledge  base  system  that  meets  the  minimum  performance  metrics  listed  in 
step  four  of  the  system-building  process. 


42 


1.  Testing  and  Verification 

Testing  the  CADS  prototype  involved  evaluating  the  advice  that  was  displayed 
(isolation  procedures),  the  data  acquisition  process  (questioning),  and  the  conclusions 
reached. 

In  defining  the  test  criteria  the  following  questions  were  considered: 

•  Does  the  top  level  module  initialize  the  CADS  program  properly? 

•  Is  the  correct  knowledge  base  loaded? 

•  Are  the  correct  isolation  procedures  provided  in  the  correct  sequence? 

•  Are  the  right  questions  being  asked  in  the  correct  sequence,  and  for  the  right 
reasons? 

•  Are  the  conclusions  correct?  Given  the  responses  to  the  questions,  is  CADS 
finding  and  displaying  the  correct  problem-cause  for  that  combination  of 
conditions? 

•  Are  the  isolation  procedures,  conditions,  and  conclusions  consistent  with  the 
experts? 

To  answer  these  questions,  testing  was  performed  in  two  phases.  The  first 
phase  of  testing  involved  evaluating  the  system  for  consistency  with  the  maintenance 
manuals'  troubleshooting  tables.  Because  of  the  known  inadequacies  of  the 
maintenance  manuals  (out  of  date,  inaccurate,  lack  of  information),  a  second  phase  of 
testing  and  verification  was  necessary'.  This  second  phase  was  to  check  the  prototype 
knowledge  base  for  consistency  with  the  experts:  the  five  NAESL-  technical 
representatives. 

The  first  phase  of  testing  was  conducted  throughout  prototype  development. 
As  the  rules  were  written,  each  conclusion  was  manually  checked  to  determine  that  the 
antecedents  (conditions)  leading  to  it  were  correct.  Each  antecedent  must  have  a  value 
either  solved  for  by  the  system,  provided  by  the  user,  or  stored  in  the  cache,  for  the 
correct  conclusion  to  be  reached.  This  ensures  that  questions  prompting  the  user  for 
values  are  asked  at  the  right  time  and  under  the  right  conditions.  CADS  has  been 
tested  and  works  according  to  the  information  contained  in  the  troubleshooting  tables. 

As  mentioned  above  in  step  four,  problem  causes  listed  in  the  troubleshooting 
tables  were  examined,  and  the  isolation  procedures  were  analyzed  to  identify  the  set  of 
conditions  that  would  lead  to  those  causes.  Many  inconsistencies  were  noted  in  the 
troubleshooting  tables.  The  sequence  of  isolation  procedures  was  sometimes  vague. 
Outcomes  to  procedures  were  missing  or  suspect.  A  copy  of  the  electrical  and 
hydraulic  systems  troubleshooting  tables,  with  these  notations,  was  sent  to  the  experts 
for  clarification,  initiating  phase  two  testing. 
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The  objectives  of  phase  two  testing  were  a  review  of  the  CADS  knowledge 
base  by  the  experts,  and  acquisition  of  the  heuristics  of  the  experts.  The  experts  had 
approximately  three  weeks  to  review  and  comment  on  the  noted  discrepancies  of  the 
MI  Ms  tables.  Then  face-to-face  interviews  with  the  experts  were  conducted. 

During  the  interviews,  the  experts  and  knowledge  engineer  reviewed  the 
discrepancies  noted  in  the  troubleshooting  tables.  The  experts  provided  up-to-date, 
correct  information  of  the  electrical  and  hydraulic  systems  troubleshooting  procedures. 
They  also  had  the  opportunity  to  run  and  evaluate  the  CADS  prototype. 

2.  Revision 

Based  on  the  experts'  review  of  the  CADS  prototype  and  the  troubleshooting 
tables,  revision  of  the  knowledge  base  took  place.  Rules,  display  of  isolation 
procedures,  and  questions  were  rewritten  as  necessary.  After  this  revision,  CADS  was 
considered  a  completed  prototype  for  the  purposes  of  this  project.  Its  knowledge  base 
contains  both  formal  and  heuristic  knowledge  of  the  experts. 

As  discussed  above,  basal  knowledge  consolidation  is  an  iterative  process.  An 
expert  system's  knowledge  base  is  continually  reviewed,  up-dated,  and  improved  by  the 
knowledge  engineer  in  collaboration  with  the  experts.  However,  further  iterations  of 
CADS  are  beyond  the  scope  of  this  project. 

3.  Expansion 

The  rules  and  meta-facts  were  revised  after  the  experts'  review.  There  are  no 
plans  to  expand  the  CADS  knowledge  base  further  at  this  time. 


V.  RESULTS,  CONCLUSIONS,  AND  RECOMMENDATIONS 


A.  RESULTS 

Improper  troubleshooting  techniques  result  in  lost  time,  unnecessary  removal  of 
system  components,  and  in  wasted  resources.  These  problems  are  not  exclusive  to  the 
Nan's  11-46  helicopter  community,  but  are  common  throughout  the  military.  A 
possible  solution  to  these  problems  is  the  application  of  expert  systems  technology  -- 
not  only  to  the  Navy's  H-46  helicopter  community,  but  to  other  military  maintenance 
processes. 

This  study  was  undertaken  to  demonstrate  the  feasibility  of  applying  expert 
system  technology  to  the  Navy's  H-46  helicopter  maintenance  process.  A 
microcomputer-based  prototype  diagnostic  system  known  as  CADS  was  developed  for 
this  purpose.  The  prototype  CADS  does  what  it  was  designed  to  do:  aid  H-46 
squadron  maintenance  personnel  find  the  cause  of  helicopter  electrical  and  hydraulic 
systems  problems.  Therefore,  the  answer  to  the  main  question  addressed  in  this  study 
is  "yes",  a  computer-aided  diagnostic  system  is  feasible  and  and  applicable  to  the 
Navy's  H-46  helicopter  maintenance  process.  The  success  of  CADS  suggests  that 
expert  system  technology  may  be  appropriate  for  general  application  to  military 
maintenance  systems. 

B.  CONCLUSIONS  ABOUT  M.l  AND  CADS 

1.  Application  of  M.l  to  structured  selection  problem-solving 

The  M.l  knowledge  system  development  too!  is  particularly  suitable  for 
building  knowledge  bases  that  use  a  structured  selection  approach  to  problem-solving. 
Structured  selection  is  a  problem-solving  methodology  by  which  the  problem-solver 
systematically  progresses  through  a  richly  structured  search  space  of  enumerated 
problems.  These  enumerated  problems  have  been  seen  and  solved  before.  The  task  is  to 
select  and  refine  a  solution  for  a  particular  case  rather  than  create  it  anew. 

It  has  been  shown  in  this  research  that  diagnosing  helicopter  problems  uses 
such  a  structured  selection  approach  to  problem-solving.  Symptoms  and  causes  of 
helicopter  problems  are  enumerated  and  contained  in  the  maintenance  manuals 
troubleshooting  tables.  Most  or  all  of  the  problems  have  been  solved  throughout  the 
history  of  the  11-46  helicopter.  Troubleshooting  of  these  problems,  plus  any  new  once 
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that  arise,  is  conducted  daily.  As  a  result.  d.agnosing  helicopter  problems  provide'*  a 
good  example  of  an  M.l  problem-solving  application. 

2.  Memory  requirements  for  CADS 

1  he  prototype  CADS  developed  for  this  research  is  contained  on  two 
5.25-inch.  360  K  byte  floppy  diskettes.  One  diskette  contains  the  CADS  initialization 
module  and.  the  CADS  executable  f.le,  using  246K  bvtes  of  disk  space.  The  second 
diskette  contains  the  modularized  subsystem  knowledge  bases,  which  use  I39K  bvtes  of 
disk  space.  These  knowledge  base  files  can  be  called  b\  the  initialization  module 
whether  they  remain  on  the  diskette  or  have  been  copied  to  a  hard  disk  drive. 

I  he  CADS  executable  file  can  be  configured  for  use  on  two  floppy  disk  driv  es 
or  on  a  hard  disk  drive.  I  sc  of  floppy  diskettes  in  the  two  drive  configuration  ensures 
portability  of  the  program.  However,  the  recommended  configuration  is  for  use  on  a 
hard  disk  drive,  for  several  reasons,  first,  a  CADS  knowledge  base  is  loaded  much 
faster,  and  the  inference  process  executes  much  faster  on  a  hard  disk  drive:  knowledge 
base  files  can  be  called  and  loaded  within  30  seconds  by  the  initialization  module.  This 
operation  can  take  over  five  minutes  in  the  two  drive  configuration,  depending  on  the 
knowledge  base  size  (number  of  rules  and  meta-facts). 

Second,  the  hard  drive  configuration  is  recommended  in  view  of  the  recent 
contract  for  Navy-wide  implementation  of  Zenith  24S  microcomputers.  Currently, 
each  squadron  has  one  such  microcomputer.  It  is  anticipated  that  more  will  be 
installed  in  the  future. 

3.  Modularizing  the  CADS  knowledge  base 

Modularizing  the  CADS  knowledge  bases  has  several  advantages,  first,  a 
more  efficient  use  of  memory  space  is  realized  by  having  only  the  initialization  module 
and  the  executable  file  (both  on  CADS  diskette  si)  remain  resident  in  RAM.  Much 
less  microcomputer  memory  space  is  required  with  this  configuration.  The  knowledge 
base  files  remain  on  CADS  diskette  =  2,  and  arc  accessed  as  necessary. 

Second,  the  inference  process  is  more  efficient.  Since  only  one  knowledge  base 
module  is  loaded  at  a  time,  the  ir.ferencing  process  searches  for  values  and  rules 
pertinent  to  that  particular  helicopter  system.  Computer  processing  time  and  memory 
is  not  wasted  in  searches  down  branches  of  irrelevant  systems. 

Third,  modularity  allows  for  expansion  of  the  system,  without  having  to 
increase  the  requirement  for  the  microcomputer's  RAM  space.  Because  information 
about  the  helicopter  systems  is  divided  into  separate  knowledge  base  files,  additional 


modular  knowledge  bases  could  be  developed  and  written,  independent  of  the  original 
prototype.  I  hese  additional  knowledge  bases  could  be  integrated  into  the  system,  with 
little  modification  required  of  the  initialization  module.  The  modification  hasicaily 
requires  the  addition  of  valid  answers  to  existing  questions,  and  the  addition  of  a  rule 
to  load  each  new  knowledge  base. 

4.  I  sing  the  trace  function  to  demonstrate  reasoning 

(  ADS  provides  an  excellent  training  tool  for  inexperienced  troubleshooters. 
However,  the  original  proposal  for  using  the  trace  function  to  show  the  reasoning 
process  has  not  been  satisfactory  in  this  M.l  implementation. 

M.l's  inference  tracer  displays  information  describing  the  inference  process. 
Also  displayed  are  questions,  menus,  prompts,  expressions  being  sought,  which  rules 
have  succeeded  or  failed,  and  which  knowledge  base  entries  are  being  fired.  The  trace 
function  is  intended  for  use  by  the  knowledge  engineer  in  the  development  stage,  for 
finding  subtle  faults  in  the  knowledge  base.  As  a  result,  M.l's  trace  function  traces 
through  the  knowledge  base  seeking  values  of  rules  which  are  not  relevant  to  finding 
the  cause  of  the  problem.  This  reasoning  is  not  necessarily  similar  to  an  expert's 
reasoning  method. 

Another  disadvantage  of  the  trace  function  is  that  rules  and  expressions  are 
displayed  exactly  as  they  are  written  in  the  knowledge  base.  Readability  of  the  rules 
and  expressions  displayed  becomes  a  function  of  the  programmer's  writing  style. 
Although  tire  rules  arc  written  in  if-then"  format  using  near  plain  English,  they  may 
seem  cry  ptic  to  a  user  unfamiliar  with  the  language  of  expert  systems  and  M  l. 

5.  Training  knowledge  engineers  for  the  Navy 

Ihe  possibility  exists  for  new  system  discrepancies  to  appear  throughout  the 
H-46  fleet.  If  CADS  were  implemented,  there  would  be  a  need  for  people  within  the 
helicopter  squadrons  who  are  able  to  document  and  program  this  new  information  into 
existing  CADS  knowledge  bases.  These  people  must  be  familiar  with  the  language  of 
expert  systems,  and  in  particular  with  the  use  of  the  M.l  knowledge  development  tool. 

Because  of  the  case  of  developing  expert  systems  utilizing  this  tool,  people 
with  little  or  no  programming  experience  could  be  trained  for  this  purpose.  I  he  l  ,S. 
Army  Signal  School  at  Ft.  Gordon.  Georgia,  has  such  a  training  program.  Army 
personnel  with  expertise  in  particular  technical  areas,  but  with  no  programming 
experience,  attend  a  two-week  training  course.  They  learn  how  to  use  M.l.  and 
develop  small  useable  systems  within  that  time.  The  Navy  could  set  up  a  similar 
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school  for  this  purpose.  People  with  this  valuable  training  could  return  to  their 
commands  where  they  could  maintain  existing  ('AI)S  software,  plus  apply  this 
technology  to  other  problem-solving  areas,  developing  new  and  useful  systems. 

Knowledge  gained  from  this  type  of  training  would  be  particularly  important 
for  improving  and  expanding  the  "corporate  knowledge"  of  troubleshooting  expertise. 
As  new  problems  arise  and  are  diagnosed,  and  as  existing  procedures  are  improved  and 
updated,  this  new  knowledge  can  be  programmed  and  put  to  immediate  use.  This 
could  prove  to  be  an  advantage  over  printing  changes  on  paper,  for  incorporation  into 
updated  printed  manuals. 

C.  SUGGESTIONS  FOR  FURTHER  STUDY 

1.  Knowledge  base  expansion 

The  next  step  after  prototype  development  is  to  expand  the  prototype  CADS 
into  a  fully  developed  expert  system  containing  all  the  diagnostic  information  of  all  the 
helicopter  systems.  A  fully  developed  CADS  could  also  contain  the  corrective  action 
procedures  for  each  helicopter  system  discrepancy,  and  other  amplifying  maintenance 
information.  Such  a  long  term  project  might  involve  a  more  structured  analysis  and 
design  of  diagnostic  information  about  the  entire  helicopter.  However,  the  prototyping 
development  approach  could  be  integrated  with  the  information  structuring. 

Additional  knowledge  acquisition  would  also  be  required  to  extract  all 
pertinent  knowledge  from  the  maintenance  manuals  and  the  experts.  This  would 
involve  more  interviewing  and  survey  hours  than  that  required  for  the  development  of 
the  CADS  prototype. 

If  CADS  were  expanded  to  include  other  helicopter  systems,  more  secondary 
memory  would  be  required  for  the  program.  Including  all  helicopter  subsystems  as 
additional  knowledge  bases  would  increase  the  requirement  for  floppy  diskettes 
significantly.  If  the  user  has  a  microcomputer  with  only  two  floppy  disk  drives,  it  will 
he  necessary  to  load  and  unload  the  diskettes,  whenever  troubleshooting  different 
helicopter  systems  is  required.  Also,  loading  and  inferencing  times  will  be  significantly 
slower.  Although  the  expanded  CADS  would  be  portable,  it  is  recommended  that  an 
expanded  system  be  used  on  a  computer  with  a  hard  disk  drive. 

2.  Enhanced  use  of  M.l  explanation  facility 

The  prototype  CADS  could  be  improved  by  providing  more  specific 
explanations  to  users,  enhancing  readability  and  making  the  system  more  expert.  This 
could  be  accomplished  by  utilizing  the  M.l  explanation  facility.  Customized 


explanations,  amplifying  information  about  a  path  of  reasoning,  or  elaboration  of 
heuristic  knowledge  would  be  displayed  when  users  enter  why  in  response  to  a 
question.  Ordinally,  if  a  user  entered  why.  M.l  would  only  display  the  knowledge  base 
entry  under  consideration. 

3.  Enhanced  use  of  the  "unknown"  response 

'I he  term  unknown  is  always  an  acceptable  answer  to  questions  posed  in  M.l. 
This  gives  the  M.l  (and  CADS)  inference  process  the  advantage  of  continuing  to 
search  for  values  even  though  a  value  has  not  been  concluded.  It  causes  the 
infercncing  process  to  change  its  search  to  other  branches  of  the  knowledge  base, 
allowing  for  the  solution  of  other  values,  to  seek  a  conclusion.  The  prototype  CADS 
knowledge  base  could  be  expanded  to  provide  additional  information  should  the  user 
select  unknown  as  an  answer.  This  is  accomplished  utilizing  the  M.l  control  command 
whenfound  to  display  a  text  string  of  additional  information. 

4.  Integration  with  graphics 

Ultimately,  a  fuliy  developed  CADS  could  integrate  all  diagnostic  information, 
figures,  diagrams,  and  maintenance  procedures.  Through  the  use  of  "pull  down" 
windows,  all  information  would  be  available  on  the  computer  for  the  maintenance 
person.  This  could  eliminate  the  need  for  printed  manuals. 

Integration  with  graphics  software  could  be  an  initial  step  toward  such  a  fully 
developed  system.  M.l  has  the  ability  to  access  graphics  programs  through  C  language 
patches.  The  use  of  graphics  to  describe  system  components  would  greatly  enhance 
the  ability  of  maintenance  personnel  to  troubleshoot  problems.  With  graphics, 
component  location  and  troubleshooting  procedures  could  guide  personnel  through 
maintenance  procedures.  This  could  be  extremely  useful  if  the  maintenance  personnel 
are  unfamiliar  with  maintenance  procedures. 

Graphics  enhancements  such  as  color,  rotating  three-dimensional  views  of 
components,  and  rotating  transparent  views  of  the  helicopter  are  also  possibilities  lor 
future  study.  The  use  of  these  graphics  techniques  would  facilitate  troubleshooting. 
Used  in  a  training  environment,  such  graphics  techniques  could  make  learning 
helicopter  troubleshooting  an  exciting,  motivating  experience,  especially  for  a 
generation  of  young  mechanics  raised  with  video  games. 

5.  Integration  with  CD-ROM  technology 

Other  futuristic  possibilities  exist  for  a  CADS  integration  with  Compact  Disc- 
Read  Only  Memory  (CD-ROM)  technology.  This  not  only  would  provide  an 
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extremely  portable  medium,  but  would  significantly  reduce  or  even  eliminate  literally 
tons  of  printed  paper.  This  consideration  is  of  particular  importance  in  relation  to 
helicopters  deployed  aboard  ship.  Eliminating  the  need  for  shipboard  office  space 
containing  tons  of  technical  manuals  is  critical. 

6.  Study  of  CADS  implementation  in  the  squadrons 

Implementation  of  CADS  in  the  squadrons  and  in  deployed  units  offers  many 
interesting  possibilities  for  further  study.  This  research  could  be  conducted  using  the 
prototype  or  a  fully  developed  system.  However,  a  study  using  a  fully  developed 
system  would  be  more  desirable,  to  evaluate  the  success  of  implementation.  Prior  to 
intiation  of  any  studies,  an  implementation  plan  should  be  developed.  Studies  could 
include  the  amount  of  training  required  to  familiarize  maintenance  personnel  in  the  use 
of  microcomputers  and  CADS.  Comparisons  could  be  made  of  the  learning  curves  for 
computer  literate  and  illiterate  users. 

D.  RECOMMENDATIONS 

The  following  is  a  list  of  recommendations  concerning  the  use  of  CADS  and  M.l 
in  general: 

1.  Use  the  M.l  knowledge-based  system  development  tool  for  building  knowledge 
bases  that  use  a  structured  selection  approach  to  problem-solving. 

2.  Implement  CADS  on  a  hard  disk  drive  system  for  efficient  use  of  memory7. 

3.  Keep  the  knowledge  bases  modular  in  large  system  applications  for  efficient  use 
of  memory  space,  efficient  inference  processing,  and  ease  of  system  expansion. 

4.  Train  Navy  personnel  to  use  M.l  to  develop  immediate  and  useful  systems,  and 
to  maintain  implemented  systems. 

A  Expand  the  CADS  knowledge  base  to  include  the  rest  of  the  helicopter's 
systems. 

6.  Improve  the  M.l  explanation  facility,  and  the  "unknown"  response  to  provide 
more  specific  information  to  users,  enhance  readability  of  the  system,  and  make 
the  system  more  expert. 

7.  Add  graphics  capabilities  as  a  first  step  toward  a  fully  developed  system. 
Helicopter  component  descriptions  utilizing  graphics  would  enhance 
troubleshooting. 

5.  Investigate  the  possibilities  of  integration  with  CD-ROM  technology. 

9.  Develop  a  plan  for  implementation  of  the  system  in  the  helicopter  squadrons. 


VI.  SUMMARY 


A  microcomputer-based  prototype  diagnostic  system,  known  as  CADS,  has  been 
developed  to  demonstrate  the  feasibility  of  applying  expert  system  technology  to 
helicopter  maintenance.  This  system  diagnoses  electrical  and  hydraulic  system 
problems  in  the  Navy's  CH-d6D  S.R.&M  helicopter. 

As  an  interactive  program,  CADS  prompts  the  user  for  information  with  a 
sequence  of  questions,  and  provides  valid  answers.  The  sequence  of  questions  depends 
upon  the  answers  that  the  user  selects.  As  the  questions  become  more  specific,  the 
program  searches  the  knowledge  base  for  valid  causes  of  the  helicopter  system 
problem.  Searching  is  accomplished  utilizing  a  backward  chaining,  decision  tree 
technique  to  find  solutions. 

Chapter  II  discusses  the  Naval  aviation  maintenance  process,  current 
troubleshooting  procedures,  and  how  CADS  could  be  integrated  into  the 
troubleshooting  process.  The  written  references  for  the  CADS  knowledge  domain  are 
two  volumes  of  15  maintenance  information  manuals.  These  two  volumes  contain  the 
electrical  and  hydraulic  systems.  The  prototype  CADS  solves  over  39  specific 
symptoms  referred  to  in  over  28  pages  of  troubleshooting  tables.  Although  this 
represents  only  a  small  portion  of  the  entire  published  helicopter  diagnostic 
information,  it  provides  enough  data  for  a  realistic  assessment  of  CADS.  The 
secondary  research  questions  listed  in  Chapter  I.  pertaining  to  squadron  applications, 
are  also  discussed. 

Chapter  III  contains  a  description  of  knowledge-based  expert  systems,  and  the 
M.l  knowledge-based  system  development  tool.  A  comparison  of  knowledge-based 
systems  and  conventional  programs  is  made.  The  criteria  necessary  for  expert  systems 
to  be  useful  and  to  perform  at  a  significant  level  of  expertise  (as  suggested  by  Barr  and 
Teigenbaum)  is  provided.  'I he  description  of  M.l  includes  its  capacity  of  rules  and 
facts,  how  the  inferencing  process  works,  and  how  M.l  handles  uncertainty. 

Chapter  IV  discusses  in  detail  the  development  of  the  prototype  CADS,  and  how 
it  works.  The  strategy  used  to  develop  CADS  is  a  combination  of  three  methodologies, 
resulting  in  six  development  steps.  Because  of  the  important  role  that  knowledge 
acquisition  has  throughout  expert  systems  development,  the  knowledge  acquisition 
cycle  was  integrated  with  the  six  steps.  This  relationship  is  discussed  in  detail. 
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Logically,  the  CADS  knowledge  base  is  divided  into  modules.  Fach  module 
consists  of  the  knowledge  base  for  a  helicopter  subsystem,  such  as  the  AC  electrical 
subsystem.  The  advantages  of  modularizing  the  knowledge  base  are  discussed.  Criteria 
for  a  two  phase  test  plan  were  developed.  Alter  testing  the  prototype  CADS,  revision 
of  the  knowledge  base  modules  was  accomplished. 

A  glossary  of  acronyms  used  throughout  this  research  is  contained  in  Appendix 
A.  Appendix  B  contains  a  sample  (  ADS  consultation  using  an  example  electrical 
system  problem.  The  CADS  knowledge  base  (source  code)  is  in  Appendix  C. 

Based  on  this  discussion,  it  has  been  shown  that  expert  systems  are  well  suited 
for  diagnostic  applications.  The  technology,  hardware  and  software  exist  and  are 
available  for  use  in  such  an  expert  system. 


APPENDIX  A 

GLOSSARY  OF  ACRONYMS 


AC 
A I 

A  PC 
CADS 
CD-ROM 
CF 

CH-46D 

CNO 

DC 

FY 

GEN  FAIL 

HC 

H-46 

JCN 

KA 

kb 

MAF 

MDR 

MDS 

MIM 

MIS 

MN1H/FH 

NAESU 

NAMP 

NAVAIRSYSCOM 

PMA-261 

RAM 


Alternating  Current. 

Artificial  Intelligence. 

Auxiliary  Power  l  nit. 

Computer-Aided  Diagnostic  System. 

Compact  Disc  Read  Only  Memory. 

Certainty  Factor,  the  degree  of  confidence  one  has  in  a  fact  or 
relationship.  In  M.l.  *  1  :s  assigned  a  value  between  -  loo  and 
-100. 

Designation  ofS.R.NM  Sea  knight  helicopter. 

Chief  of  Naval  Operations 
Direct  Current. 

Fiscal  Year. 

Generator  Failure. 

Designation  for  Helicopter  Combat  Support  Squadron. 

Designation  lor  the  Sea  Kmgir  helicopter  used  in  the  United 
States  Navy  and  Marine  Corps  for  utility  missions. 

Job  Control  Number. 

Knowledge  Acquisition. 

Knowledge  base  entry. 

Maintenance  Action  Form,  for  documentation  of  aircraft 
discrepancies. 

Maintenance  Data  Report. 

Maintenance  Data  System. 

Maintenance  Information  Manual. 

Management  Information  System. 

Maintenance  Man-hours  per  Flight  Hour. 

Naval  Aeronautical  Engineering  Service  Unit. 

Naval  Aviation  Maintenance  Program. 

Naval  Air  Systems  Command. 

NAVAIRSYSCOM  Program  Manger  for  H-46  squadrons. 
Random-access  memory:  computer's  high  speed  (main)  memory. 


S.R.&M 


Surviveability,  Reliability,  and  Maintainability  Program,  that 
extends  the  service  life  of  the  H-46  helicopter  through  the  year 
2000. 

TD  Technical  Directive. 

YIDS/MAF  V  isual  Information  Display  System,' Maintenance  Action  Form. 
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APPENDIX  B 

INTRODUCTORY  USER'S  GUIDE  TO  CADS 


1.  INTRODUCTION 

CADS  is  a  prototype  microcomputer-based  expert  system  designed  to  help 
squadron  and  detachment  maintenance  people  troubleshoot  S.R.&M  C1I-46D 
helicopter  system  problems.  The  goal  of  the  CADS  proton pe  is  to  find  the  exact 
came  of  electrical  and  hydraulic  system  discrepancies  t "gripes").  CADS  contains 
limited  corrective  action  procedures. 

The  purpose  of  this  Introductory  User  s  Guide  is  to  get  a  troubleshooter  started 
and  some’.vhat  familiar  with  use  of  the  CADS  prototype.  It  is  not  meant  to  be  a 
comprehensive  instruction  manual  explaining  all  the  various  capabilities  and 
peculiarities  of  the  CADS  software. 

The  following  assumptions  apply  to  using  the  CADS  prototype: 

a.  Users  are  familiar  with  the  use  of  a  microcomputer. 

b.  Users  have  access  to  a  Zenith  24S  or  IBM  PC  compatible  microcomputer,  with 
two  disk,  drives  or  a  hard  drive. 

c.  Users  have  a  copy  cf  the  CADS  prototype  program,  either  on  the  two  5.25  inch 
floppy  diskettes,  or  on  the  hard  drive  of  the  microcomputer. 

2.  WH  AT  TO  EXPECT 

CADS  helps  troubleshooters  find  the  cause  of  a  helicopter  discrepancy  by 
displaying  isolation  procedures  for  the  troubleshooters  to  perform,  then  asking 
questions  about  the  outcomes  of  the  performed  procedures.  CADS  lists  all  the 
possible  answers  to  questions  it  asks.  You  as  the  troubleshooter  -elect  the  appropriate 
answer  based  on  the  outcomes  of  the  isolation  procedures  you  have  performed. 

CADS  is  a  computerized  version  of  the  maintenance  manuals'  troubleshooting 
tables.  The  intention  is  to  demonstrate  that  maintenance  information  can  be  made 
accessible  on  disks  and  microcomputers,  so  sou  do  not  have  to  deai  with  the 
maintenance  manuals. 

The  best  way  to  approach  CADS  is  to  imagine  that  you  are  consulting  the 
troubleshooting  tables.  The  difference  is  the  added  feature  that  CADS  will  ask  you  the 
right  questions  about  the  isolation  procedures  >ou  have  performed,  at  the  right  time, 
and  for  the  right  reason.  You  will  not  have  to  waste  time  searching  the  manuals  for 


procedures  that  are  not  there  anyway.  CADS  will  guide  you  to  troubleshoot 
discrepancies  correctly,  completely,  and  efficiently. 

3.  WHAT  YOU  NEED  TO  USE  CADS 

To  use  CADS  you  will  need  the  following: 

a.  A  Zenith  248,  or  IBM  PC  compatible  microcomputer  with  512K  bytes  of 
memory  running  PC-DOS  2.0  or  later. 

b.  The  two  CADS  prototype  diskettes. 

c.  Two  disk  drives  or  a  hard  drive. 

d.  A  color  monitor  is  recommended,  but  a  monochrome  monitor  is  sufficient. 

4.  GETTING  STARTED  WITH  CADS. 

The  initial  setup  procedures  are  as  follows: 

a.  Turn  on  the  microcomputer  and  the  monitor,  and  "boot  up"  with  PC-DOS  2.0 
or  later. 

b.  Insert  CADS  diskette  #1  into  drive  A:  . 

c.  Insert  CADS  diskette  «2  into  drive  B:  . 
or 

d.  If  the  microcomputer  you  are  using  has  a  hard  drive  (the  Zenith  248  does')  copy 
both  diskettes  onto  drive  C:  .  To  do  this,  at  the  A>  prompt  type: 

A  >  copy  a:*.*  c: 

Remove  CADS  diskette  #1  from  drive  A:,  and  insert  CADS  diskette  *2.  Use 
this  copy  command  again  for  CADS  diskette  *2.  This  puts  all  the  CADS  files 
onto  the  hard  drive  (drive  C:). 

c.  At  the  A  >  or  C  >  prompt  type: 

A  •>  cads  Cf  you  arc  using  two  disk  drives) 
or 

C  >  cads  (if  you  are  using  a  hard  drive) 
in  upper  or  lower  case  letters 

A  full  screen  banner  is  displayed  momentarilv,  then  a  full  screen  of  text 
welcoming  you  to  CADS  is  displayed. 

5.  CADS  USER  INTERFACE 
a.  Windows 

Refer  to  f  igure  B.l.  The  screen  is  divided  into  three  windows.  1  hese 
permanent  areas  of  the  screen  are: 


i 

* 

1.  TROUBLESHOOTING  PROCEDURES  &  POSSIBLE  CAUSE  window. 

This  window  will  display  the  isolation  procedures  that  you  need  to  perform 
for  the  "gripe"  you  are  troubleshooting.  After  a  CADS  consultation  the  cause  of  the 
"gripe"  will  be  displayed  in  this  window.  A  few  corrective  action  procedures  are  also 
displayed. 

2.  QUESTION  window 

CADS  asks  you  questions  during  a  consultation.  The  questions  will 
automatically  appear  in  this  window  as  the  consultation  proceeds. 

3.  SELECT  AN  ANSWER  window 

Answer  the  questions  CADS  asks  you  by  highlighting  the  appropriate 
answer  displayed  in  this  window,  and  pressing  'Timer".  Use  the  arrow  (cursor)  keys  to 
move  the  highlighting  up  or  down  through  the  list  of  answers.  The  values  displayed 
are  the  answers  acceptable  to  CADS. 

The  term  unknown  is  always  included  as  a  possible  answer.  However,  in 
this  CADS  prototype  do  not  select  unknown  when  asked  for  the  major  system  and  the 
subsystem  in  which  the  gripe  is  located. 

At  the  bottom  of  the  window  is  the  term  "Space  to  Mark".  This  is  just  a 
reminder  for  you  to  mark  the  response  you  have  selected  by  highlighting. 

4.  CF  window 

This  is  the  certainty  factor  window'.  It  allows  you  to  enter  numbers  from 
-100  to  +  100  representing  the  confidence  you  have  in  your  selected  response.  You  can 
enter  numbers  by  using  the  right  arrow  key,  which  moves  the  highlighter  to  the  CF7 
window.  When  you  have  typed  in  a  CF  number,  press  "Enter", 
b.  Message  Line 

I  iie  message  line  appears  at  the  bottom  of  the  screen.  It  displays  the  function 
keys  and  the  CADS  status  indicator. 

/.  F2  Scroll 

You  can  press  the  F2  key  and  the  arrow  (cursor)  keys  to  scroll  backwards 
and  forwards  (up  and  down)  through  the  TROUBLESHOOTING  PROCEDURES  & 

POSSIBLE  CAUSE  and  QUESTION  windows.  The  following  keys  arc  used  for 
scrolling: 

F2  enable  scrolling/ move  to  next  window 

|  scroll  forward  (down) 

1  scroll  backward  (up) 

Esc  disable  scrolling  and  return  to  the  SELECT  AN  ANSWER  window 
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2.  F10  Help 

Refer  to  Figure  B.2.  The  following  help  commands  are  available  anytime 
by  pressing  the  F10  key  (an  "on.  off  key),  and  highlighting  a  help  command  (described 
below)  and  by  pressing  "Enter",  or  by  pressing  the  noted  keys. 

( 1)  notions  for  response.  Sometimes  you  will  not  be  able  to  read  the  entire 
list  of  all  acceptable  answers  because  the  SELECT  AN  ANSWER  window  is  too  small, 
such  as  when  a  gripe  has  a  long  symptom  description.  Or.  you  may  want  to  know 
what  the  acceptable  responses  are  to  a  question.  Highlight  "options  for  response",  and 
press  "Enter".  The  "pop  up"  CADS  help  menu  disappears  and  the  message  "Your 
response  must  be  chosen  from  the  following:”  will  appear  in  the 
TROUBLESHOOTING  PROCEDURES  &  POSSIBLE  CAUSE  window,  with  a  full 
list  of  acceptable  answers.  When  you  have  found  the  appropriate  response,  scroll  up 
or  down  through  the  SELECT  AN  ANSWER  window  to  highlight  the  appropriate 
response,  then  press  the  "Enter"  key. 

(2)  abort  consultation; ALT  -  A.  If  you  want  to  quit  during  a  CADS 
consultation,  highlight  "abort  consultation",  and  press  "Enter".  A  "pop  up"  box 
appears  asking  you  whether  you  want  to  abort  the  consultation.  If  "yes",  press  the  "y" 
key.  This  will  end  the  consultation,  and  clear  the  windows.  To  restart  the  consultation 
press  "Alt"  and  "G"  simultaneously. 

(3)  Restart  CADS.  If  you  want  to  exit  from  CADS  and  return  to  the 
operating  system,  or  return  to  the  main  menu,  highlight  "Restart  CADS".  A  "pop  up" 
box  appears  asking  "Restart  CADS  (main  menu)  Exit  to  DOS?  (y.  n)".  If  "yes"  press 
the  "y"  key.  This  will  end  the  consultation,  clear  the  screen,  and  return  you  to  the 
DOS  A>  or  C  >  prompt.  To  return  to  the  main  menu  type  cads  at  the  A>  or  C  > 
prompt. 

(4)  go  run  consultation  ALT  -  G.  If  you  have  aborted  or  ended  a 
consultation  and  you  want  to  start  another  consultation  with  the  same  major  system 
and  subsystem,  highlight  "go  run  consultation",  or  press  the  "Alt"  and  "G  keys 
simultaneously. 

(5)  restart  consultation.  This  allows  you  to  continue  with  a  consultation 
where  you  left  off.  It  keeps  the  answers  you  have  already  given  in  the  CADS  memory. 

(6)  why  is  CADS  asking  ALT  -  IV.  If  you  want  to  know  why  CADS  is 
asking  you  a  particular  question,  highlight  "why  is  CADS  asking".  CADS  will  then 
display  the  rules  in  the  knowledge  base  that  it  is  considering,  as  it  tries  to  determine  if 


they  are  applicable  to  the  consultation.  You  can  do  the  same  during  a  consultation  Im¬ 
pressing  the  "Alt"  and  "W"  keys. 

(7)  ESC  to  Cancel.  If  you  want  to  escape  out  of  the  CADS  help  menu  or 
any  of  the  help  commands,  press  the  "ESC"  key.  This  will  cancel  the  help  command, 
cause  the  CADS  help  menu  to  disappear,  and  return  you  to  the  screen  display  of  the 
consultation  where  you  left  off. 

Status  indicator 

The  status  indicator  on  the  right  side  of  the  message  line  indicates  the 
status  of  CADS.  This  will  be  one  of  three  modes:  READY,  LOADING,  or 
CONSULTATION. 

6.  SAMPLE  CADS  CONSULTATION 

This  consultation  demonstrates  finding  the  cause  of  the  gripe: 

No.  1  generator  failure  light  illuminated  in  flight 
Figures  B.3  to  B.9  show  what  the  microcomputer  screen  will  look  like  as  the 
consultation  proceeds.  Good  luck,  and  remember:  DO  NOT  BE  AFRAID  OF 
ANYTHING  THAT  YOU  CAN  PULL  THE  PLUG  ON! 
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WELCOME  TO  CADS!!! 

H-46  HELICOPTER 

COMPUTER  AIDED  DIAGNOSTIC  SYTEM!!! 


QUESTION 


.  SELECT  AN  ANSWER 


Would  you  like  a  few  directions 
on  how  to  use  CADS? 


unknown 


F2  Scroll 


F10  Help 
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READY 


Figure  B.l  Initial  CADS  Screen. 


After  typing  cads  at  the  A>  or  C>  prompt,  a  banner  screen  displays  momentarily, 
then  this  initial  text  screen  appears.  You  can  obtain  a  few  brief  directions  by 
hiahliehtine  "yes"  and  pressing  ’’Enter'.  Or,  begin  the  CADS  consultation  without 
directions  by  highlighting  ’’no”  and  pressing  Enter  ”. 
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CONSULTATION. 


Figure  B.2  CADS  Help  Menu. 

The  CADS  help  menu  is  available  anytime  you  press  the  F10  key.  You  may  then 
highlight  a  help  command  and  press  "Enter".  Refer  to  the  F10  Help  section  for  an 
explanation  of  these  commands.  Notice  the  status  indicator  in  the  message  line  at  the 
bottom  of  the  CADS  screen  has  changed  from  READY  to  CONSULTATION  ...  It 
will  automatically  change  back  to  READY  when  you  have  selected  a  help  command  or 
pressed  the  "ESC"  key.  If  you  want  to  escape  out  of  the  CADS  help  menu  press  the 
"ESC"  key. 


CADS  help  menu 

TROUBLESHOOTING  PROCEDURES  &  POSSIBLE  CAUSE  - 

This  system  is  designed  to  be  a  prototype  microcomputer  -  based  expert 

system  to  aid  squadron  maintenance  personnel  diagnose  aircraft  system  problems. 

1 .  You  will  be  asked  a  series  of  questions  about  the  "gripe"  you  are  troubleshooting. 

2.  Answer  the  questions  by  highlighting  your  response.  Responses  are  found  in  the 
"SELECT  AN  ANSWER"  window  in  the  lower  right  hand  corner  of  the  screen.  Use  the  up 
and  cown  arrow  keys  to  highlight  your  response,  then  press  the  "Enter"  key. 

3.  To  see  the  list  of  possible  answers  to  a  question,  or  to  see  tne  entire  answer,  press  "F10" 
then  select  "options  for  response". 

4.  if  you  get  stuck,  press  the  "F10*  key  to  get  help  from  the  CADS  help  menu. 


QUESTION  - 

In  what  major  aircraft  system  is  the 
problem  or  "gripe*  located? 
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Figure  B.3  Second  CADS  Screen  Giving  Directions. 

The  second  screen  provides  brief  directions,  and  asks  the  first  question  about  the  cripe. 
As  a  troubleshooter,  you  know  that  a  No.  I  generator  failure  light  illuminating  in  flight 
is  associated  with  the  H-46  helicopter's  electrical  system.  Highlight  'electrical'  in  the 
SFLCC  T  AN  ANSWER  window,  then  press  "Enter". 

Caution:  DO  NOT  select  unknown  at  this  point.  If  you  do,  press  the  "Alt"  and  "G" 
keys  simultaneously  to  return  to  the  main  menu. 
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TROUBLESHOOTING  PROCEDURES  &  POSSIBLE  CAUSE  - 

This  system  is  designed  to  be  a  prototype  microcomputer  -  based  expert 

system  to  aid  squadron  maintenance  personnel  diagnose  aircraft  system  problems. 

1.  You  will  be  asked  a  series  of  questions  about  the  'gripe”  you  are  troubleshooting. 

2.  Answer  the  questions  by  highlighting  your  response.  Responses  are  found  in  the 
"SELECT  AN  ANSWER”  window  in  the  lower  right  hand  corner  of  the  screen.  Use  the  up 
and  down  arrow  keys  to  highlight  your  response,  then  press  the  “Enter”  key. 

3  To  see  the  list  of  possible  answers  to  a  question,  or  to  see  the  entire  answer,  press  ”F10” 
then  select  "options  for  response”. 

4.  If  you  get  stuck,  press  the  'F10'  key  to  get  help  from  the  CADS  help  menu. 


QUESTION  - 

In  which  electrical  sub  system  is  the 
problem  or  ’gripe"  located? 
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Figure  B.4  Third  CADS  Screen  Asking  for  Electrical  Sub-system. 

The  third  screen  changes  little  from  the  previous,  except  for  the  question  asking  in 
which  electrical  sub-system  the  gripe  is  located.  Knowing  that  the  generators  are  part 
of  the  AC  system,  highlight  'AC  system'  and  press  "Enter”.  Wait  momentarily  while 
CADS  loads  the  AC  system  knowledge  base.  You  will  notice  that  the  status  lamp  in 
the  lower  right  corner  has  changed  to  CONSULTATION  .  .  .  When  the  AC  system 
knowledge  base  is  loaded,  it  will  change  back  to  READY,  then  you  can  continue. 

Caution:  DO  NOT  select  unknown  at  this  point.  If  you  do,  press  the  "Alt"  and  "G" 
keys  simultaneously  to  return  to  the  main  menu. 
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system  to  aid  squadron  maintenance  personnel  diagnose  aircraft  system  problems. 

1 .  You  will  be  asked  a  series  of  questions  about  the  "gripe"  you  are  troubleshooting. 

2  Answer  the  questions  by  highlighting  your  response.  Responses  are  found  in  the 

"SELECT  AN  ANSWER"  window  in  the  lower  right  hand  corner  of  the  screen.  Use  the  up 
and  down  arrow  keys  to  highlight  your  response,  then  press  the  "Enter"  key. 

3.  To  see  the  list  of  possible  answers  to  a  question,  or  to  see  the  entire  answer,  press  "F10" 
then  select  "options  for  response". 

4.  If  you  get  stuck,  press  the  "F10"  key  to  get  help  from  the  CADS  help  menu, 
begin  CADS  consultation  =  yes  (100%)  because  kb-18. 
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What  is  the  symptom  in  the  AC  system? 
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Figure  B.5  Fourth  CADS  Screen  Asking  for  the  AC  System  Symptom. 

The  AC  system  knowledge  base  is  now  loaded.  You  are  asked  for  the  AC  system 
symptom.  These  symptoms  are  the  same  as  the  symptoms  listed  in  the  maintenance 
manuals'  troubleshooting  tables.  The  SELECT  AN  ANSWER  window  is  too  small  to 
display  the  entire  symptom.  That  is  no  problem.  Press  the  F10  key  for  the  CADS  help 
menu.  Highlight  "options  for  response",  and  press  "Enter".  The  full  list  of  acceptable 
responses  will  appear  in  the  TROUBLESHOOTING  PROCEDURES  &  POSSIBLE 
CAUSE  window.  When  you  have  selected  your  response,  highlight  the  appropriate 
response  in  the  SELECT  AN  ANSWER  window.  In  this  case  highlight  GEN  FAIL 
LT  ON  -  both  Gens  ON  -  rotors  at  flight  rpm',  and  press  "Enter". 
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The  first  troubleshooting  check  of  this  symptom  is  to  check  the 
PMG  and  Exciter  Windings/Wiring: 

No  Power  on  the  helicopter.  Non-turn-up. 

1.  Read  PMG  from  the  supervisory  panel  (241P5  or  241P6) 

(A  to  B,  B  to  C,  C  to  A)  should  =  0.5  ohms. 

2.  Read  A  and  8  and  C  to  ground.  This  should  =  infinity. 
Read  E  to  H  should  =  2.1  ohms. 

ReadEorHtoF  =  2.8  ohms. 


QUESTION 


Are  all  of  the  resistances  to  the  first 
troubleshooting  check  correct? 
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Figure  B.6  Fifth  CADS  Screen  Displaying  First  Isolation  Procedure. 

The  first  isolation  procedure  for  this  gripe  is  displayed,  along  with  a  question  asking 
about  the  outcome  of  this  procedure,  ou  now  need  to  perform  the  procedure  iO 
answer  the  question.  Let  us  sav  that  you  performed  the  isolation  procedure  and  founu 
that  ail  the  resistances  are  correct.  Highlight  'yes",  and  press  "Enter  . 
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If  you  are  sure  that  all  the  resistances  are  correct  with  NO 
POWER  on  the  helicopter,  the  second  troubleshooting  check  is  of 
the  generator  Control  Switches  and  Wiring : 

No  Power  on  the  helicopter.  Non-turn-up. 

Read  terminals  R  and  S  (241 P3  or  241P4)  for  resistance  with  the 
Power  Control  Master  Switch  in  the  #1  and  #2  GEN  position,  and 
select  Generator  Switch  to  GEN. 


r QUESTION 


Is  there  resistance  between  terminals 
R  and  S  in  the  second  troubleshooting 
check? 
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Figure  B.7  Sixth  CADS  Screen  Displaying  Second  Isolation  Procedure. 


You  must  now  check  for  resistance  between  terminals  R  and  S.  Let  us  say  that  there  is 
resistance.  Highlight  "yes",  and  press  "Enter". 
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If  you  are  sure  that  all  the  resistances  of  the  first  two 
troubleshooting  checks  are  correct  with  NO  POWER  on  the  helicopter 
the  next  troubleshooting  check  is: 

With  rotors  at  flight  rpm  and  generators  OFF  -- 
cross  connect  the  opposite  Supervisory  Panel  into 
the  malfunctioning  system. 

Turn  ON  discrepant  AC  system. 

elect-prob-cause  =  Supervisory  Panel  malfunction  (100%)  because  rule-3. 


Figure  B.9  Eighth  CADS  Screen  -  Electrical  Problem  Cause  Found. 

Notice  that  CADS  displays  a  message  "elect-prob-cause  =  Supervisor}'  Panel 
malfunction  (100%)  because  of  rule-3".  The  consultation  has  ended,  and  this  message 
is  CADS's  way  of  telling  you  that  the  cause  of  the  gripe  has  been  found.  The  message 
also  informs  you  that  CADS  is  100%  certain  of  the  cause,  and  this  information  is 
contained  in  ruie-3  of  the  knowledge  base. 
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APPENDIX  C 

CADS  KNOWLEDGE  BASE  MODULES 


/* 


START  FEOGRAM 


*/ 


goal  =  'begin  CADS  consultation' . 

auL.omaticmenu(ALL) . 
er.umeratedanswers  (ALL) . 

initialdata  =  [helo-display, directions , major-system] . 
if  display ( [nl , 1 


,  / 


H 


H 


(  WELCOME  TO  CADS ! ! ! 

(  H-46  HELICOPTER 

( _ COMPUTER  AIDED  DIAGNOSTIC  SYSTEM!!!  / 

I  I  I 

0  0  0 

1 , nl] ) 

then  helo-display. 


question(directions)  =  [' 
would  you  like  a  few  directions 
on  how  to  use  CADS?']. 


legalvals(directions)  =  [ ' yes ' , ' no 1 ] . 

whenfound(directions  =  'yes')  = 
aisplay(-nl , 1 

This  system  is  designed  to  be  a  prototype  microcomputer-based  expert 
system  to  aid  squadron  maintenance  personnel  diagnose  aircraft  system 
problems . 

1.  You  will  be  asked  a  series  of  questions  about  the  "gripe"  you  are 

troubleshooting. 

2.  Answer  the  questions  by  highlighting  your  response.  Responses 

are  found  in  the  "SELECT  AN  ANSWER"  window  in  the  lower 
right  hand  corner  of  the  screen.  Use  the  up  and  down  arrow 
keys  to  highlight  your  response,  then  press  the  "Enter"  key. 

3.  To  see  the  list  of  possible  answers  to  a  question,  or  to  see 

the  entire  answer,  press  "FIG"  then  select  "options  for  response". 

4.  If  you  get  stuck,  press  the  key  marked  "F10"  to  get  helD  from 

the  help  menu.',nl-). 


whenfound(directions  =  'no')  = 
display( [nl , ' 


After  answering  the  questions  shown  below 

wait  momentarily  while  CADS  loads  the  Knowledge  Base  of  the 
major  system  that  you  want  to  troubleshoot. ' ,nl,ni] ) . 


/* . MAJOR  SYSTEM . */ 


question(major-system)  =  [' 

In  what  major  aircraft  system  is  the 
problem  or  "gripe"  located? ', nl] . 

legalvals(major-system)  =  -' electrical ', 1  hydraulic 


/* .  SUE-SYSTEM  QUESTIONS  . */ 


whenfound(major-system  =  'electrical')  =  electrical-sub-system. 

cuestion(electrical-sub-system)  =  [nl,1 
In  which  electrical  sub-system  is 
the  problem  cr  "gripe"  located? ' ,nl] . 

legalvals (electrical-sub-system)  =  ['AC  system', 'DC  system', 
'APU  elect  sys ' ] . 

whenfou.nd(major-system  =  'hydraulic')  =  hydraulic-sub-system. 

question(hyaraulic-sub-system)  =  [nl,1 
In  which  hydraulic  sub-system  is 
the  problem  or  "gripe"  located? ' ,nl] . 

legalvals (hydraulic-sub-system)  = 

[Y flight  control  hydraulic  system1, 

'flight  control  pressure  indicating  system', 

'Utility  Power  System', 

'utility  pressure  indicating  system1-. 

/* . -LOADING  ELECTRICAL  FILES . - . ---*/ 


if  major-system  =  'electrical' 

ana  electrical-sub-system  =  'AC  system' 
and  dc(  load  ac-elect  ) 
then  'begin  CADS  consultation' . 

if  major-system  =  'electrical' 

and  electrical-sub-system  =  'DC  system' 
and  do(  load  dc-elect  ) 
then  'begin  CADS  consultation' . 

if  major-system  =  'electrical' 

and  electrical-sub-system  =  'APU  elect  sys' 
and  do(  load  apu-elec  ) 
then  'begin  CADS  consultation' . 


LOADING  HYDRAULIC  AND  UTILITY  FILES . */ 


if  major-system  =  'hydraulic' 

and  hydraulic-sub-system  =  'flight  control  hydraulic  system' 
or  hydraulic-sub-system  = 

‘flight  control  pressure  indicating  system' 
and  do(  load  hydr  ) 
then  'begin  CADS  consultation'. 

if  maior-system  =  'hydraulic' 

and  hydraulic-sub-system  =  'Utility  Power  System' 
or  hydraulic-sub-system  =  'utility  pressure  indicating  system' 
and  do(  load  utility  ) 
then  'begin  CADS  consultation' . 

END  OF  INITIALIZATION  NODULE  ****************/ 


j  r.-k-k-k-k-k-k-k'k'k'k-k'k-k 


j ******************  MAJOR-SYSTEM:  ELECTRICAL  ******************* 


- ELECTRICAL  SUB-SYSTEM:  AC  SYSTEM  SYMPTOMS . */ 


goal  =  elect-prob-cause . 

automaticmenu(ALL) . 

enuneratedansvers (ALL) . 

presupposition (ac-sys -symptom)  = 
maicr-system  =  'electrical' 
ana  electrical-sub-system  =  'AC  system' . 

question(ac-svs-symptom)  =  [nl.nl,1 

What  is  the*  symptom  in  the  AC  system?  1  , nl]  . 

legalvals(ac-sys-symptom)  =  [ 

'GEM  FAIL  LT"  ON  *-  Doth  Gens  ON  -  rotors  at  flight  rpm'  , 

'One  ESS  BUS  LT  ON  -  either  or  both  Gens  ON  -  rotors  at  flight  rpm 
'One  or  both  ESS  BUS  LT  ON  -  assoc,  with  one  Gen  ON  -  flight  rpm1, 
'One  DC  BUS  LT  ON  -  either  or  both  Gens  ON  -  rotors  flight  rpm1, 
'Opposit  DC  BUS  LT  ON  -  one  Gen  ON  -  rotors  flight  RPM'J. 


/* -  AC  SYSTEM  SYMPTOM: 

GEN  FAIL  LT  ON  -  BOTH  GENS  ON  -  ROTORS  AT  FLIGHT  RPM  - */ 


whenfound( ac-sys- symptom  = 

'GEN  FAIL  LT  ON  -  Doth  Gens  ON  -  rotors  at  flight  rpm')  = 
display( [nl,nl, ' 

The  first  troubleshooting  check  of  this  symptom  is  to  check  the 
PMG  and  Exciter  Windings/Wiring : 

No  Power  on  the  helicopter.  Non-turn-up. 

1.  Read  PMG  from  the  supervisory  panel  (241P5  or  241P6) 

(A  to  B,  B  to  C,  C  to  A)  should  =  0.5  ohms. 

2.  Read  A  and  B  and  C  to  ground.  This  should  =  infinity. 

Read  E  to  H  =  2.1  ohms. 

Read  E  or  H  to  F  =  2.8  ohms. ' ,nl,nl,nl] ) . 

rule-1:  if  ac-sys-symptom  = 

'GEN  FAIL  LT  ON  -  Doth  Gens  ON  -  rotors  at  flight  rpm' 
and  'first  ts  check '=  no 
then  elect-prob-cause  = 

'Discrepant  Generator  PMG  or  Exciter  Windings/Wiring  Faulty'. 

auestion( ' first  ts  check')  =  [nl, ' 

Are  all  of  the  resistances  of  the  first 
troubleshooting  check  correct? 1 , nl] . 

legalvals ( 1  first  ts  check')  =  [ ' yes ' , 1  no ' ] . 

whenfound( ' first  ts  check1  =  yes)  = 
display( [nl,nl, ' 

If  you  are  sure  that  all  the  resistances  are  correct  with  NO 
POWER  on  the  helicopter  the  second  troubleshooting  check  is  of 
the  generator  Control  Switches  and  Wiring: 

No  Power  on  the  helicopter.  Non-turn-up. 

Read  terminals  R  to  S  (241P3  or  241P4)  ‘for  resistance  with  the 
Fower  Control  Master  Switch  in  the  #1  and  #2  GEN  position,  and 
select  Generator  Switch  to  GEN. ' ,nl,nl,nl] ) . 

rule-2:  if  ac-sys-symptom  = 

'GEN  FAIL  LT  ON  -  both  Gens  ON  -  rotors  at  flight  rpm' 
and  'first  ts  check1 =  yes 
and  'second  ts  check'  =  no 
then  elect-prob-cause  = 

'Discrepant  Generator  Control  Switches  and  Wiring  Faulty'. 


guestion( ' second  ts  check1)  =  [nl, 


is  there  resistance  between  terminals 
R  and  S  in  the  second  troubleshooting  check?1, nl]. 

iegalvalsf 'second  ts  check' )  =  !  yes  ,  no1 j . 

whenfound( ' second  ts  check '  =  yes  = 
display  ( [nl ,  r.i  .  1 

If  vcn  are  sure  that  all  the  resistances  of  the  first  two 


trouole s.noc t ir.c  c: 
the  next  tto-ubles; 


Wit h  rctcis  ; 
cross  cor.nec' 
the  T.aliir.i' 


ru 


1  O* 


•  get:  fail  l: 

ar.  d  'fit-*  • 
and  ie  :  sn  J 
ar.  i  r  ?  e  :  '<  • 
’  h  ■? .  i  ** ** 


,  i 


tes-cpo. 


question 
I  o  e  s  t 


-ega^va.s  y?r.< 
whenfour.dt  cer,* 


rls?l  . 


bir.ce  tue  aer.e 
is  still  oh  *  :.e 
You  must  ccr.Mr.ue 


PIWER  on  the  nelic^pte 


FAIL  lioht 


With,  mam  generators  i»l«-*»-  ar. ;  : 

generator  swit.i.es  IN  .e  x  f  :  .  .  '  *  ..  -ac  pins  A.  9.  and 
C  to  ground  of  the  ;e.atei  c*r  *  •  i*  '“S'  :  ecerta :  1* 

161J3  161J4  or  terr.ma  Is  :!  F  inn  ?  :  esrectivelv  of  the 

terminal  board  cn  generator  *-s*  -  at  > .  fig.  1 

A1-H48AE-420-C00,  sec  tier.  .  o  .  race  3. 

. - . : .  .nl.nl! 

presupposi  tior.  ( aen- volt  age -re  ?di.ng  '■  = 
ac-s'ys-sy-Dtorr.  = 

'GEN  FAIL  Li  OH  -  both  Gens  ON  -  rotors  at  flight  rpm1. 

question(gen-voitage-readinq)  =  [ n 1 , ' 

What  are  the  generator  voltages  reading"* '  , nl]  . 

legalvals ( gen-voltage-reading)  =  ['voltages  correct1, 

'voltages  missing  or  low', 'one  or  two  voltages  =0']. 

whenfound( qen-voltage-reading  =  'voltages  correct')  = 
display nl, nl, ' 

If  you  are  sure  that  the  generator  voltages  are  correct, 
the  generator  malfunctions  because  the  phasing  connections  are 
incorrect  or  because  of  a  faulty  contactor  control. 

You  must  now  check  the  phasing,  contactor  control,  and  switch 
ccntrol. 


Using  a  phase  detector,  check  for  proper  phase  rotation  at 
related  test  receptacle  161J3  161 J4 . 1 , nl , nl , nl] ) . 

rule-4:  if  ac-sys-symptom  = 

‘GEN  FAIL  LT  ON  -  Doth  Gens  ON  -  rotors  at  flight  rpm' 
and  not ( 1  generator  comes  on  line') 
and  qen-voltage-reading  =  'voltages  correct' 
then  'pr.ase  rotation'  is  sought. 


whenfound( gen-voltage- reading  =  'voltages  missing  or  low')  = 
display(*[nl,nl, 1 

If  you  are  sure  that  the  generator  voltages  are  missina  or  low, 
the* generator  malfunctions  possibly  because  the  exciter 
windings  are  defective,  PMG  output  is  incorrect,  or  because  of 
a  feeder  fault. 

You  must  now  troubleshoot  the  generators  PMG  output,  exciter  windings 
and  feeder  wires: 

With  generators  OFF,  connect  the  generator  test 

cable’-  see  fig.l  -  between  the  supervisory  panel  receptacle  and 

connecter  plug  241P5  241P6  on  the  malfunctioning  system. 

At  the  test  terminal  board  check  for  approximately  33  vac 
between  ground  and  terminal  E  and  terminal  H.',nl]). 

rule-5:  if  ac-sys-symptom  = 

' GEI I  FAIL  LT  ON  -  both  Gens  ON  -  rotors  at  flight  rpm' 
and  not( ' generator  comes  on  line') 
and  gen-voltage-reading  =  'voltages  missing  or  low' 
then  'PMG  output1  is  sougnt. 

whenfound(aen-voltage-reading  =  'one  or  two  voltaqes  =  O')  = 
aisplay(~nl,nl, ' 

If  you  are  sure  that  the  generator  one  or  two  voltaaes  =  0, 
the  generator  malfunctions  possibly  because  of  a  feeder  fault. 

You  must  now  troubleshoot  the  generators  feeder  wires: 

Perform  the  following  with  the  helicopter  shut  down  and  all 
power  removed: 

1  Disconnect  cables  from  T4,  T5,  and  T6. 

2  Check  for  infinite  resistance  to  ground  at  terminals  T1 ,  T2 , 

and  T3. 

3  If  resistance  at  any  terminal  is  measurable,  disconnect 
wire  from  terminal  to  determine  whether  ground  fault 
is  in  generator  or  on  feeder  wire. 

4  Check  for  infinite  resistance  between  terminals  T1 ,  T2 ,  and  T3 . 

5  If  any  resistance  between  any  combination  of  terminals  is 
measurable,  disconnect  wires  from  those  terminals  to 
determine  whether  ground  fault  is  in  the  generator  or  on 
feeder  wires. 

6  Check  for  zero  resistance  to  ground  on  wires 

that  were  removed  from  terminals  T4,  T5,  and  T6.',nlj). 

rule-6:  if  ac-sys-symptom  = 

'GEN  FAIL  LT  ON  -  both  Gens  ON  -  rotors  at  flight  rpm' 
and  not( ■ generator  comes  on  line') 
and  gen-voltage-reading  =  'one  or  two  voltages  =  O' 
then  'reeder  fault'  is  sought. 

/* - - AC:  PHASING  CONNECTIONS . . */ 

question( '  phase  rotation')  =  [r.l,nl,' 

Is  the  phase  rotation  correct? ', nl] . 

legalvals (' phase  rotation')  =  [ ' yes ' , ' no ' ] . 

whenfound( 'phase  rotation'  =  'yes')  = 
display ( [nl,nl, 1 

If  phasing  is  correct,  verify  ground  phase  reference  wires  are 
connected  correctly  to  aenerator  terminals  T4,  T5,  and  T6 
routed  through  their  correct  cores  in  current  transformer  241T3 
241T4 . 

You  must  also  check  the  contactor. 

When  proper  voltage  is  115  -  120  vac  and 

proper  phase  is  present  at  terminals  Ai ,  Bl,  and  Cl  respectively 
but  not  A2 ,  32,  and  C2  of  related  contactor 

242K1  242K2  check  for  28  vdc  between  pins  A  and  B  of  contactor 
connector  plug  242P1  242P2. 

.  nl]) 

7  3 


whenfound( ’phase  rotation1  =  'no')  = 
display ( fni , nl, 1 

If  phasing  is  incorrect,  locate  crossed  connections  -  generator 
terminals  Ti,  T2,  T3,  or  contactor  terminals  242K1  242K2  Ai , 

Ei ,  and  Cl . 

You  must  also  check  the  contactor. 

When  proper  voltage  is  115  -  120  vac  and 

proper  phase  is  present  at  terminals  Al ,  El,  and  Cl  r-spectively 
but  not  A2 ,  B2,  and  C2  of  related  contactor 

242K1  242K2  check  for  23  vac  between  pir.s  A  and  B  of  contactor 
connector  plug  242P1  242P2. 


CONTACTOR  CONTROL . */ 


question( 1  contactor  voltage1)  =  [nl.nl,1 

Is  there  23  vdc  between  pins  A  and  B.'.nl]. 

legaivals (' contactor  voltage')  =  [ 1  yes  1 , 1  no  1 ] . 

rule-7:  if  gen-voltage-reading  =  'voltages  correct' 
and  'phase  rotation' 
and  'contactor  voltage' 
and  aisDlay!'  [nl.nl,  ' 

If  the  53  vdc  is  correct,  replace  the  contactor nl] ) 
then  elect-prob-cause  =  'gen  malfunction  -  faulty  contactor'. 

rule-8:  if  gen-voltage-reading  =  'voltages  correct' 
and  'phase  rotation' 
and  not( ' contactor  voltage') 
and  display( [nl,nl, ' 

If  you  are  sure  that  the  voltage  is  not  28  vdc,  verifv  pin  B  to 
ground  and  pin  A  of  the  supervisory  panel  connecter  plug  241P3 

Correct  discrepant  wiring. ' ,nl] ) 

then  elect-prob-cause  =  'gen  malfunction  -  contactor  wiring  faulty'. 

rule-9:  if  aen-voltage-reading  =  'voltages  correct1 
and  not( 'chase  rotation') 
and  'contactor  voltage' 
and  display^ [nl,nl,  ' 

If  the  28  vdc  is  correct,  replace  the  contactor. 

The  phasing  is  incorrect  also.  Locate  the  crossed 
connections. 1 ,nl,nlj ) 
then  elect-prob-cause  = 

'generator  malfunction  -  phasing  incorrect  and  faulty  contactor'. 

rule-lC:  if  gen-voltage-reading  =  'voltages  correct' 
and  not i I'pnase  rotation') 
and  not (' contactor  voltage') 
and  display ( [nl , nl , ' 

If  you  are  sure  that  the  voltage  is  not  28  vdc,  verify  pin  B  to 
ground  and  pin  A  of  the  supervisory  panel  connector  plug  241P3 

Correct  discrepant  wiring. 

The  phasing  is  incorrect  also.  Locate  the  crossed  connections. ' ,nl,nl] ) 
then  e j-ect-prob-cause  = 

'generator  malfunction  -  phasing  incorrect  and  faulty  contactor'. 


PMG  OUTPUT- 


question^ ' PMG  output1)  =  [nl.nl,1 

What  is  the  value  of  the  pm  voltage 
between  ground  and  terminal  E  and 
terminal  H? 

Enter  a  number  between  0  and  33 . ‘ , nl ] . 


W 


- 


.Okl, 


legaxvals( 1 PMG  output')  =  number(Q, 38) . 

whenfound( 1 PMG  output1  =  38)  = 

"isplay( [nl,nl, 1 

You  just  entered  33  which  is  normal  voltage  -  38  vac. 

Now  you  need  to  troubleshoot  and  check  the  exciter  winding: 

Using  the  generator  test  cable  as  in  the  PMG  output  check, 
check  for  approximately  2.3  vac  between  ground  and  terminal  F 
of  test  terminal  board. 1 ,nl,nl] ) . 

rule-11:  if  gen-vcltage-reading  =  'voltages  missing  or  low1 
and  'PMG  output'  =  X 
and  X  <  33 
and  display ( [nl , nl , 1 

You  just  entered  a  voltage  below  38  vac  if  you  are  sure  that 
the  voltage  is  low,  disconnect  test  cable  receptacle  at  helicopter 
cable  plug  and  repeat  measurement.  If  voltage  does  not  rise  to 
approximately  38  vac,  the  pm  section  of  the  generator  is 
defective. ‘ ,nl,nl] ) 

then  elec t-prob-cause  =  'PMG  output  incorrect'. 

rule-12:  if  gen-voltage-reading  =  'voltages  missing  or  low' 
and  'PMG  outout'  =  X 
and  X  =  28  ‘ 

and  'exciter  dc  voltage'  =  Y 

and  Y  <  2.3 

and  display( [nl,nl, ' 

You  just  entered  a  voltage  below  2.3  vdc.  Since  the  dc  voltage 
is  low,  operate  the  switch  on  test  cable  to  OFF  position  and 
repeat  measurement. 

If  the  voltage  remains  low  the  regulator  in  the  supervisory 
panel  is  defective .' ,nl , nl] ) 
then  elect-prob-cause  = 

‘Regulator  module  in  Supervisory  Panel  Defective'. 


EXCITER  WINDING- 


question( ' exciter  dc  voltage')  =  [nl,nl,' 

What  is  the  value  of  the  voltage  between 
ground  and  terminal  F  of  test  terminal 
board? 

Enter  a  number  between  0  and  38.',nl]. 
legalvals (' exciter  dc  voltage')  =  number(0,38) . 

rule-i3:  if  gen-voltage-reading  =  'voltages  missing  or  low' 
and  'PMG  output'  =  X 
and  X  =  33 

and  'exciter  dc  voltage'  =  Y 

ar.d  Y  ^  2.3 

and  display ( [nl ,nl , 1 

You  just  entered  a  voltage  above  2.3  vdc. 

Since  the  dc  voltage  is  in  excess  of  2.3  vdc,  the 
exciter  winding  in  the  generator  is  defective .' ,nl,nl] ) 
then  elect-prcb -cause  =  'Exciter  Winding  Defective'. 

whenf ound( ' exciter  dc  voltage'  =  2.3)  = 

:ii  sp  lay '  [  nl ,  nl ,  1 

You  just  entered  voltage  =  2.3  vdc. 

The  exciter  winding  is  probably  OK.  You  now  need  to  check  for 

feeder  faults. 1 ,nl,nl] ) . 


■  V"»V»V  vv  vv  vw  yv  V"-" 


rule-14:  if  gen-vcltage-reading  =  'voltages  missing  or  low' 
and  'PMG  output'  =  a 
and  X  =  38 

and  'exciter  dc  voltage'  =  Y 

and  Y  =  2 . 3 

and  display ( [nl, 1 

Are  we  supposed  to  troubleshoot  for  FEEDER  FAULTS  now? 1 , nl , nl] ) 
then  elect-prob-cause  =  ’UNKNOWN  -  NOT  PROGRAMMED  YET'. 

/* . --AC  :  FEEDER  FAULT . */ 

question( ' feeder  fault')  =  [nl,nl(‘ 

Is  there  any  measurable  resistance 

between  any  combination  of  terminals? ', nl , nl] . 

legalvals (' feeder  fault')  =  [ ' yes ' , ' no ‘ ] . 


/* . - . 

if  gen-voltage-reading  =  'one  or  two  voltages  =  O' 
and  'PMG  output'  =  X 
and  X  =  38 

and  'exciter  dc  voltage'  =  Y 

and  Y  =  2 . 3 

and  ' feeder  fault ' 

and  display(  [r.l,nl,  ' 

When  you  have  found  whether  ground  fault  is  in  the  generator  or 
on  feeder  wire,  correct  wire  fault  or  replace  defective 
generator  as  appropriate. '  nl,ni] ) 
then  elect-prob-cause  =  'reeder  Fault1. 

. . - . . . */ 

rule-15:  if  gen-voltage-reading  =  'one  or  two  voltages  =  O' 
and  'feeder  fault' 
and  display( [nl,nl, ' 

If  you  are  sure  that  there  is  measureable  resistance  between 
any  combination  of  terminals  then 

disconnect  wires  from  those  terminals  to  determine  whether 
there  is  ground  fault  in  the  Generator  or  on  the  feeder  wires. 

When  you  have  found  whether  ground  fault  is  in  the 
generator  or  on  feeder  wire,  correct  wire  fault  or  replace 
defective  generator  as  appropriate .', nl , nl] ) 
then  elect-prob-cause  =  ‘Feeder  Fault  or  Generator  malfunctioning'. 

rule-16:  if  qen-voltaqe- reading  =  'one  or  two  voltages  =  O' 
and  not(' feeder  fault') 
and  display( [nl,nl, ' 

If  there  is  no  measurable  resistance  -  infinite  resistance  - 
then  the  problem  is  beyond  the  scope  cf  this  program.  Sorrv. 

Do  not  pass  go.  Do  net  collect  $300  .  1  , nl , nl] ) 
then  elect-prob-cause  =  'UNKNOWN  -  NOT  PROGRAMMED  YET'. 


/* .  AC  SYMPTOM: 

ONE  ESSENTIAL  BUS  LT  ON  -  EITHER  OR  EOTH  GENS  ON  -  ROTORS  AT 

FLIGHT  RPM  . . 

whenfound(ac-svs-symptom  = 

'One  ESS  BUS*  LT  ON  -  either  or  both  Gens  ON  -  rotors  at  flight  rpm') 
display( [nl,nl, ' 

This  is  an  indication  problem.  To  troubleshoot: 

Check  for  115-120  vac  at  terminals  A2 ,  B2,  and  C2  to  ground, 
of  ac  main  line  contactor  242K1  242K2 . ' , nl , nl] ) . 


rule-17:  if  ac-sys-svmptoir.  = 

'One  ESS  BUS  LI  Off  -  either  or  both  Gens  ON  -  rotors  at  flight  rpm 
and  'mainlir.econt  voltage  correct' 
and  'wiring  continuity'" 
and  display  (  [r.l , nl ,  ' 

If  you  ‘are  sure  that  the  voltage  is  correct,  and  the  wiring 
continuity  readings  are  good,  then 

replace  the  defective  BUs  FAIL  -  phase  sensing  -  RELAY  242k3 
242K4.  '  ,r.l]  ) 

then  elect-prob-cause  =  'Essential  Bus  Fail  Relay'. 

question( '  mainlir.econt  voltage  correct')  =  [ni,nl,‘ 

Is  the  voltage  correct? ' ,nl] . 

legalvals ( ' mainlinecont  voltage  correct')  =  [ ' yes  1 , ' no ' ] . 

whenfou.nd(  '  mainlinecont  voltage  correct'  =  'yes')  = 
displav( [nl , 1 

Check  lor  wiring  continuity  between  the  ac  main  line  contactor 
242K1  242K2  A 2,  B2 ,  and  C2  to  LI,  L2 ,  and  L2  of 

BUS  FAIL  -phase  sensing  -  RELAY  242K3  242K4.']). 

question! ' wiring  continuity')  =  Fnl,nl,' 

Is  the  wiring  continuity  good?"1  ,nl]  . 

legalvals ( 'wiring  continuity')  =  [ 1  yes ' , ' no 1 ] . 
rule-13:  if  ac-sys- symptom  = 

'One  ESS  3'JS  LT  ON  -  either  or  both  Gens  ON  -  rotors  at  flight  rpm 
and  not (' mainlinecont  voltage  correct') 
and  display ( l nl , nl , 1 

Check  for  llS-120  vac  at  terminals  Al,  B1 ,  and  Cl  to  ground  of 
AC  NAIM  LINE  contactor  242K1  242K2.  If  those  voltage  readings 

are  correct,  replace  AC  MAIN  LINE  CONTACTOR nl] ) 
then  elect-prob-cause  =  'Essential  Bus  Fail  Relay'. 

rule-19:  if  ac-sys-symptom  = 

Cne  ESS  BUS  LT  ON  -  either  or  both  Gens  ON  -  rotors  at  flight  rpm 
and  'mainlinecont  voltage  correct' 
and  not( 'wiring  continuity') 
and  display! [ni ,nl, 1 

If  you  are  sure  that  the  wiring  continuity  is  incorrect  repair 
the  wiring. ' , ni] ) 
then  elect-prob-cause  = 

'Faulty  Wiring  between  AC  Main  Line  Contactor  and  BUS  FAIL  RELAY 
terminals ' . 

/' .  AC  SYMPTOM: 

CNE  OR  SOTH  ESSENTIAL  BUS  LT  ON  -  ASSOCIATED  WITH  ONE  GEN  ON  - 

ROTORS  AT  FLIGHT  RPM 


when found! ac-sys-symptom  = 

Cue  or  both  cSS  BUS  LT  ON  -  assoc,  with  one  Gen  ON  -  flight  rpm') 
displ?.v(  [ni  ,  r.l ,  ' 

Check  £or  115-120  vac  at  terminals  Al ,  31,  and  Cl  to  ground, 
of  ac  mam  line  contactor  242K1  242K2.  '  ,nl,nl] ) . 

rule-20:  if  ac-svs-symptom  = 

Cue  or  both  E*SS  BUS  LT  ON  -  assoc,  with  cne  Gen  ON  -  flight  rpm' 
and  1 ac  main  line  contactor  voltage  correct' 
and  not ( ' A2 , B2 , C2  voltage') 
then  elect-prob-cause  =  'AC  MAIN  LINE  Contactor'. 

rule-21:  if  ac-sys-symptom  = 

'One  or  both  ESS  3US  LT  ON  -  assoc,  with  one  Gen  ON  -  flight  rpm' 
and  ' ac  main  line  contactor  voltage  correct' 
and  ' A 2 , B 2 , C 2  voltage' 
and  display ([ nl , ni , ' 

The  knowiedce  engineer  is  pretty  sure  that  with  both  sets  of 
voltage  readings  correct  the  ESS  BUS  indicator  is  probably 
faulty. ' ,nl] ) 

then  elect-prob-cause  =  'Faulty  ESS  BUS  indicator  light'  cf  80. 


question('ac  main  line  contactor  voltaqe  correct')  =  [nl.nl,1 
Is  the  voltage  115-120  vac  from  terminals 
Al,  Bl,  Cl  to  ground? ' ,nl] . 

legalvals( 1 ac  main  line  contactor  voltage  correct1)  =  [ 1  yes ' , 1  no  1 ] . 

whenfound( 1 ac  main  line  contactor  voltage  correct'  =  ’yes')  = 
display( [nl.nl,1 

If  you  are  sure  that  the  voltage  is  115-120  vac  from  terminals  Al , 

51 ,  and  Cl  to  ground  you  have  an  indicator  problem. 

Next,  check  for  115-120  vac  from  terminals  A2 ,  B2,  and  C2  to  ground,  of 
AC  MAIM  LIME  CONTACTOR  242K1 . 1 , nl , nlj ) . 

question( ' A2,B2,C2  voltage1)  =  [nl.nl,1 
Is  the  voltage  115-120  vac  from  terminals 
A2 ,  B2 ,  C2  to  ground? 1 ,nl] . 

legalvals ( ' A2 ,B2 , C2  voltage')  =  [ ' yes ' , 1  no ' ] . 


whenfound( 1 ac  main  line  contactor  voltage  correct1  =  'no')  = 
display( [nl.nl, ' 

If  you  are  sure  that  the  voltage  between  terminals  Al,Bl,and  Cl 
and  ground  is  NOT  115-120  vac,  then  you  must  now 
Check  for  wiring  continuity  of  generator  wiring  from 
disconnected  terminals  Tl,  T2 ,  and  T3  of  #1  GEN  to  terminals 
Al ,  31,  and  Cl  of  AC  MAIN  LINE  Contactor ,nl , nl] ) . 

question'' 1  ac  main  line  contactor  wiring  continuity1)  =  [nl.nl,1 
Is  the  wiring  continuity  good?‘,nl]. 

legalvals ( 1 ac  main  line  contactor  wiring  continuity')  -  [ ' yes ' , 1  no ' ] . 
rule-22:  if  ac-svs-symptom  = 

'One  or  both  EfSS  BUS  LT  ON  -  assoc,  with  one  Gen  ON  -  flight  rpm' 
and  not('ac  main  line  contactor  voltaae  correct1) 
and  1 ac  main  line  contactor  wiring  continuity' 
and  display( [nl.nl  ' 

Since  the  first  voltages  of  the  first  check  were  incorrect,  and 
the  wiring  continuity  is  good,  then  the  AC  Mainline  Contactor 
is  faulty. 1 ,nl] ) 

then  elect-prob-cause  =  'Defective  AC  MAIN  LINE  CONTACTOR 1  cf  SO. 
rule-23:  if  ac-sys -symptom  = 

‘One  or  both  ESS  BUS  LT  ON  -  assoc,  with  one  Gen  ON  -  flight  rpm‘ 
and  not('ac  main  line  contactor  voltage  correct') 
and  not('ac  main  line  contactor  wiring  continuity1) 
then  elect-prob-cause  = 

■Defective  AC  MAIN  LINE  Contactor  wiring  continuity  defective'. 

/* .  AC  SYMPTOM: 

ONE  DC  BUS  LT  ON  -  EITHER  OR  BOTH  GENS  ON  -  ROTORS  AT  FLIGHT 

RPM . */ 


whenfound( ac-sys -svmptom  = 

'One  DC  BUS  LT  0*M  -  either  or  both  Gens  ON  -  rotors  flight  rpm')  = 
display( [nl,nl, ' 

Check  for  23  vdc  between  XI  and  X2  of 
BUS  FAILURE  RELAY  161K3  161K4 . ' , nl , nl] ) . 
rule-24:  if  ac-sys-symptom  = 

'One  DC  BUS  LT  ON  -  either  or  both  Gens  ON  -  rotors  flight  rpm' 
and  'X1,X2  dc  voltage  correct' 
then  elect-prob-cause  =  'Defective  BUS  FAILURE  RELAY' . 

question( 1 XI , X2  dc  voltage  correct')  =  [nl.nl,1 

Is  the  voltage  between  XI  and  X2  =  28  vdc?' .nl]. 

legalvals (' XI ,X2  dc  voltage  correct')  =  [ ' yes ' , 1  no ' ] . 
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whenfound( 1 XI ,  X2  dc  voltage  correct'  =  'no1)  = 
display^ [nl,nl, ' 

If  you* are  sure  that  there  is  no  voltage  present, 

check  for  23  vdc  at  left  or  riaht  hand  junction  box  at  the  DC 

circuit  breakers  bus  bar . 1 , nl , hi] ) . 

presuppositior.(  1  DC  C/B  bus  bar  voltage')  = 
ac-s'ys-symprom  = 

'One  DC  EDS  LT  ON  -  either  or  both  Gens  ON  -  rotors  flight  rpm'. 

question^  ' DC  C/B  bus  bar  voltage')  =  [nl,nl,' 

Is  the  voltage  Dresent  at  the 
DC  circuit  breaker  bus  bar?',nl]. 

legalvals ( ' DC  C/B  bus  bar  voltage')  =  [ 1  yes ' , ' no ' ] . 

rule-25:  if  'DC  C/B  bus  bar  voltage'  =  'yes' 
and  display^ [nl,nl, ' 

If  you  are* sure  that  there  is  no  voltage  present  between  XI  and  X2, 
and 

that  voltage  IS  present  at  the  DC  circuit  breakers  bus  bar 
then 

use  multimeter  and  A1-H46AE-WDM-C00 ,  WP  004  00  or 
A1-H46AE-WDM-01C,  W?  004  00 

to  fault  isolate  wiring  and  repair  as  necessary. ', nl.nl] ) 
then  elect-prob-cause  =  Defective  BUS  FAILURE  RELAY'. 

rule-26:  if  ac-sys-symptom  = 

'One  DC  BUS  LT  ON  -  either  or  both  Gens  ON  -  rotors  flight  rpm' 
and  not ('DC  C/3  bus  bar  voltage') 
and  display ( [nl.nl, ' 

If  you  are* sure  that  there  is  no  voltage  present  between  XI  and  X2, 
and 

that  voltage  IS  NOT  present  at  the  DC  circuit  breakers  bus  bar, 
the  DC  BUS  Light  indicator  is  faulty. ' ,nl] ) 
then  elect-prob-cause  =  'Faulty  DC  BUS  Light  indicator1  cf  80. 

/* .  AC  SYMPTOM: 

OPPOSITE  DC  BUS  LT  ON  -  ONE  GENERATOR  ON  -  ROTORS  AT  FLIGHT  RPM--*/ 


whenfound(ac-svs-symptom  = 

'Opposit  DC  "BUS  LT  ON  -  one  Gen  ON  -  rotors  flight  RPM')  = 
display( [nl,nl, ' 

Check  for  23  vdc  between  XI  and  X2  at 
DC  CROSS-TIE  RELAY  161K5 . ' , nl , nl] ) . 

rule-27:  if  ac-sys- symptom  = 

'Opposit  DC  EUS  LT  ON  -  one  Gen  ON  -  rotors  flight  RPM' 
and  'DC  XTIS  XI, X2  voltage  correct' 
then  elect-prob-cause  =  'Defective  DC  CROSS-TIE  RELAY'. 

question('DC  XTIE  XI, X2  voltage  correct')  =  [nl,nl, ' 

Is  the  voltage  between  XI  and  X2  =  28  vdc?',nl]. 

legalvals (' DC  XTIE  XI, X2  voltage  correct')  =  [ ' yes ' , ' no ' ] . 

whenfound( ' DC  XTIE  XI, X2  voltace  correct'  =  'no')  = 
display ( [ n 1 , ' 

If  voltage  is  not  present,  check  for  28  vdc  between  terminal  B2 
and  ground  of  DC  MAINLINE  CONTACTOR  161 Ki  161K2.1]). 

rule-28:  if  ac-svs-symptom  = 

'Opposit  DC  BlfS  Li  ON  -  one  Gen  ON  -  rotors  flight  RPM' 
and  not ('DC  XTIE  XI, X2  voltage  correct') 
and  ' E 2  voltage' 
and  cisplay(  [r.l ,  ' 

If  you  are* sure  that  there  is  23  vdc  between  terminal  B2  and 
ground  of  the  DC  MAINLINE  CONTACTOR,  then 
use  multimeter  and  A1-H46AE-WCH-C00,  W?  004  00  or 
A1-H46AE-WDM-C10 ,  WP  004  00 

to  fault  isolate  wiring  and  repair  as  necessary. ' ,nl,nl] ) 
then  elect-prob-cause  =  'Defective  DC  CROSSTIE  RELAY  wiring1  cf  60. 
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question('B2  voltaae')  =  [ni,nl,' 

Is  there  28  vdc  Between  B2  and  ground? ' , nl] . 

legalvals( 1 B2  voltage')  =  [ 1  yes  1 , ‘no 1 ] . 

when£ouna( 1 B2  voltage'  =  'no')  = 
display( [nl , ' 

If  Vou  are  sure  that  voltaae  is  not  present  between  B2  and 
ground,  then  check  for  28  vdc  between  terminal  B3  and  ground  cf 
DC  MAINLINE  CONTACTOR  161K1  161K2.']). 

rule-29:  if  ac-sys-symptom  = 

'Cp.^osit  DC  B'JS  LT  ON  -  one  Gen  ON  -  rotors  flight  RPM' 

and’ not (  'DC  XTIE  XI, X2  voltage  correct') 

and  ncc(‘B2  voltage1) 

and  ' B3  voltage' 

and  display( [nl , 1  1 ] ) 

then  elect-proo-cause  =  ’Defective  DC  MAINLINE  CONTACTOR1. 

question('B3  voltage')  =  [nl,nl,' 

Is  there  28  vdc  Between  B3  and  ground? ‘ , nl] . 

legalvals ( ' B3  voltage')  =  [ ' yes  1 , 1  no ' ] . 

rule-30:  if  ac-sys-symotom  = 

'Opposit  DC  BUS  LI”  ON  -  one  Gen  ON  -  rotors  flight  RPM' 

ana  not ('DC  XTIE  XI, X2  voltage  correct') 

and  not('B2  voltage') 

and  not('B3  voltage') 

and  display ( [nl , ' 

If  you  are  sure  that  there  is  28  vdc  between  terminal  B3  and 
ground  of  the  DC  MAINLINE  CONTACTOR,  then 
use  multimeter  and  A1-H46AE-WDM-000 ,  KP  004  00  or 
A1-H46AE-WDM-010,  WP  004  00 

to  fault  isolate  wiring  and  repair  as  necessary. ' ,nl,nl] ) 

then  elect-prob-cause  =  ‘Defective  DC  CROSSTIE  RELAY  wiring'  cf  60 

/*************  end  OF  AC  ELECTRICAL  MODULE  **********»jK»**»r*^ 


'kyrk-k-k'k-k-k-k'^'k-k-k^: 


/******************  major  SYSTEM:  ELECTRICAL 

---  ELECTRICAL-SUB-SYSTEM:  DC  SYSTEM  . */ 

goal  =  elect-prob-cause . 

automaticmenu(ALL) . 

enumerateaanswers (ALL) . 

P resuppos i t ion (dc-svs- symptom)  = 
mayor-system  =  'electrical1 
and  electrical-sub-system  =  'DC  system'. 

/* - ELECTRICAL  SUB-SYSTEM:  DC  SYSTEM  SYMPTOMS . ---*/ 

question(dc-sys-symptom)  =  [nl.nl,1 

What  is  the*  symptom  in  the  DC  system?  1  , nl]  . 

legaivals (dc-sys-symptom)  =  [ 

'Equipment  Connected  To  Battery  Bus  Inoperative', 

'No'.i  DC  BUS  Caution  LT  ON  -  rotors  operating1]. 


/* . DC  SYMPTOM:  EQUIPMENT  CONNECTED  TO  THE 

EATTERY  BUS  INOPERATIVE . */ 

whenfound(dc-sys-symptom  = 

‘Equipment  Connected  To  Battery  Bus  Inoperative1)  = 
display(  [nl , nl , nl , r.l ,  1 


Check  battery  for  defective  cells,  electrolyte  leakage, 

and  loose  connections.  Check  for  21.7  vdc  at  the  battery . 1 , nl , nl , nl] ) . 

presuppcsition( 1  battery 1 )  = 
dc-sys-symptom  = 

‘Equipment  Connected  To  Battery  Bus  Inoperative1. 

pvesupposition( ’battery  relays')  = 
dc-sys-symptom  = 

'Equipment  Connected  To  Battery  Bus  Inoperative'. 

presupposition!]  ' battery  bus  voltage1)  = 
dc-sys- symptom  = 

Equipment  Connected  To  Battery  Bus  Inoperative'. 

presupposition'’ '  battery  voltage')  = 
dc-sys-symptom  = 

'Equipment  Connected  To  Battery  Bus  Inoperative'. 

presuppos ition ( 1 batte ry  switch')  = 
dc-sys-symptom  = 

'Equipment  Connected  To  Battery  3us  Inoperative'. 

rule-1:  if  dc-sys-symptom  = 

Equipment  Connected  To  Battery  Bus  Inoperative' 
and  'battery' 

then  elect-prcb-cause  =  'Defective  Battery'. 

question^  'battery '  )  =  [r.l,1 

Dees  the  battery  have  any  of  these 
problems? ' , nl] . 

legaivals (' battery ' )  =  ['yes',' no  ]. 

whenfour.dv  '  battery '  =  r.o)  - 
display!" [ nl , nl , ' 

Since  the  battery  does  not  have  defective  cells,  electrolyte 
leakage,  loose  connections .  and  the  voltage  is  21. 7  vdc. 

Check  the  followin':  battery  relays  for  proper  operation: 
battery  relay 
battery  transfer  relay 

transformer/ rectifier*  transfer  relay.  r.l  r.l  r.l 
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rule-2:  if  r.ot (' battery 1  ) 
and  'battery  relays' 
and  display  <„  [nl ,  nl ,  1 

If  you  are  sure  that  a  battery  relay,  battery  transfer  relay 
or  transforrrer/rectif ler  transfer  relay  is  defective,  replace  it.',nl,nl]) 
then  elect-proc-cause  =  'defective  Battery  Relay1. 

question.;  '  battery  relays')  =  [nl. 

Are  any  of  these  battery  relays  defective’ nl ] . 

legalvals ( 1  battery  relays')  -  [  1  yes  1  , ' no '  ]  . 

whenfcur.d  ’ 'battery  relays'  =  no)  = 
display  i  [nl ,  r.i  ,*' 

if  you* are  sure  that  the  battery  relays  are  operating  properly, 
then 

Check  for  25  vdc  at  the  battery  bus . ' , nl , nl , nl] ) . 

rule-2:  if  dc-sys-synptom  = 

‘Equipment  Connected  To  Battery  Bus  Inoperative1 

ar.d  not(  battery  .> 

and  not ( : battery  relays') 

and  not ( 1 oa ttery  bus  voltage1) 

and  display ;  [nl*. nl ,  ' 

If  you  are  sure  that  25  vdc  is  not  present  at  the  battery  bus 
troubleshoot  the  bus  ar.d  repair  wiring  as  required.  ', nl ,  nl ,  nl]  ) 
then  elect-prob-cause  =  'Defective  Battery  Bus1. 

question,  battery  bus  voltage1'1  =  [nl,1 

Is  25  vdc  pras'ent  at  the  cattery  bus?',nl]. 

legalvals ( 'battery  bus  voltage’)  =  [yes', 'no']. 

whenfoundf 'battery  bus  voltage'  =  ‘yes')  = 
display;  [  nl ,  r.1 ,  1 

If  you  are  sure  that  the  cattery  bus  voltage  is  25  vdc, 
then 

Check  for  25  vdc  at  the  battery . ',  nl ,  nl ,  r.l  j  ) . 

rule-4:  if  not( 'battery ' 'i 
and  r.ot v  1  battery  relays') 
ar.d  'battery  bus  voltage' 
and  not( 'battery  voltage') 
and  display; [nl.nl, ‘ 

If  you  are*  sure  that  25  vdc  is  r.ot  present  at  the  battery, 
repair  or  replace  wiring. ', ni.nl, nl] ; 
then  elect-prcb-cause  =  ’Defective  Wiring1. 

question.;  1  battery  voltage1)  =  [nl,1 

Is  25  vdc  pres*ent  at  the  battery? 1  , r.l]  . 

legalvals (’ battery  voltage’)  =  [ ■ yes  1 , ' no ’ ] . 

whenfound( 1  battery  voltage1  =  ’yes’)  = 
display; [nl.nl, 1 

If  you  are  sure  that  the  battery  voltage  is  25  vdc, 
then 

Check  the  ground  connection  to  the  battery  switch  for  security. ' ,nl,nl,nl] ) 

rule-5:  if  not ( 1  battery 1 ) 
and  not( 'battery  relays') 
and  'battery  bus  voltage1 
and  'battery  voltage' 
and  not; 'battery  switch') 

then  elect-prcb-ca'use  =  ‘Defective  Battery  Switch'. 

question; ' battery  switch')  =  [nl,1 
Is  the  ground  connection  to  the 
battery  switch  secure? 1 ,nl] . 

legalvals ( 1  battery  switch1)  =  [ 1  yes  1 , 1  no ’ ] . 


rule-6:  if  not (' battery ' ) 
and  not( 'battery  relays') 
and  'oatterv  bus  vcltaae' 


and  battery  voltage' 
and  "oatterv  svitcn' 


and  display',  (nl.nl,  1 

These  conditions  are  not  covered  in  the  KIMs . 1 , nl , nl , nl ’ 
then  elect-crob-cause  =  UNKNOWN' . 


-DC  SYMPTOMS:  MO  .  I  DC  B'JS  CAUTION  LT  ON . */ 


v:her.found(  do  -  s  y  s  -  s  yrp  t  or  = 

'Uo.i  DC  BUS  Caution  LT  ON  -  rotors  operating  ;  = 
display ; [ nl , nl . 1 

Check  for  shorted  N'o.l  DC  BUS.'. nl.nl  nl];. 


rui2-.  :  ir  dc-sys-syrptcT.  = 

‘No.i  CO  BUS  Caution  LT  CM  -  rotors  cceratir.g' 
and  y  snorted  1  LCEU5 

then  elect-proD-cause  =  'DC  cvercurrent  condition' . 


question!  '  shorted  1  DC5US  )  =  ■ 1 
Is  the  Mo.  1  DC  BUS  slior ted7  '  .  nl  ]  . 

leqalvalr,  (  shorted  I  D"3U5'  =  ’  ye 


yes  ,  no  ,  . 


uhen  found:  shorted  1  DIB'JS'  =  r.c 
display;  [nl ,  nl , 

0  "  '  "  «  F  U  o'  OT  « V c  r.  -  *■  err.*" 


Sir.ce  the  Nc.l  DC  BUS  net  shorted,  you  rust  now  check 
for  proper  operation  of  the  Mo.:  SUrERVIS  :?.Y  PANEL,  by 
using  me  substitution  me the  1 .  ,r.l  nl  r.l  ;  . 


rresucncsitior.f  •  snort e: 


Nc.l  10  5'US  Caution  LT  0M  -  rotors  operating  . 


presupposition! ' s.p  panel';  = 
ic-sys- syrrtcr  = 

Nc.l  IT  El'S  uauticr.  LT  ON  -  rotors  operating'  . 
rile- 6:  if  r.cti's.p  panel';. 

then  e  lec  t  -  o  r  ob  -  r  *  us  e  -  Defect. ve  Nc.l  SUPERVISOR”  PAM'EL' 


question  'sue  oar.el  =  'nl. 

Is  the  No .  1  'SUPERVISOR  Y  PAf.’El 

pro  *■  -  »  • 


Since  the  N‘ c .  i  DC  BUS  not  shorted,  and  the  SUPERVISORY  FANEL 
is  operating  proper. y  you  rust  r.ov  cr.ecK 

for  i  roper  operation  ot  the  IF. SC  TIE  RELAY  cert  ore.  mo  the  foil 


trcuc le  moot  me  oroce lures  : 


-over  the  ne.iccpter  . t r.  the  APU. 

Che  or.  if  tr.e  No.i  DC  BUS  stays  1M  and  No.  2  DC  BUS 
stays  IFF. 

It  co,  the  CPCS5  TIE  RELAY  or  related  virm.c  is  defective. 


"  Shut  down  the  APU  immediately  '  .nl.r.i] 
rule-9:  if  1 suD  oane 1 ' 


:t-proo-cause  =  'Defective  CROSS  TIE  RELAY1. 


rw*"r  END  OF  DC  ELECTRICAL  MODULE  -*>-*****•*-*  +  **/ 


/****************  MAJOR  SYSTEM:  ELECTRICAL  ****************** 

.  ELECTRICAL  SUB-SYSTEM:  AP'J  ELECTRICAL  SYSTEM  SYMPTOMS  --*/ 

goal  =  elect-prob-cause . 

automaticmenu(ALL) . 
enumeratacanswers(ALL) . 

presuppos it ion ( apu- sys- symptom)  = 
major-system  =  'electrical' 

and  eicctrical-sub-system  =  'APU  elect  sys'. 

question(apu-sys-symptom)  =  [nl, 1 
What  is  the  symptom  in  the'  APU 
electrical  system? nl] . 

legalvals ( apu-svs-symotcm )  =  [ 

‘APU  On- ESS  EX'S  *  DC  3US  LTS  CM', 

'APU  ON-GRD  FWR/APU  ON,  Mo . 2  DC  BUS  LT  ON' , 

1 APU  Operating  Ground  FWR/APU  ON  Both  DC  Lights  CM']. 


-APU  SYSTEM  SYMPTOMS : 


APU  OPERATING  -  GROUND  POWER  -GRD  POWER  APU  READY  BOTH 
ESS  EL’S  LIGHTS  AMO  BOTH  DC  EUS  LIGHTS  ON. 

GROUND  PWR/AP'J  CM’  INDICATOR  OUT.  . 


wher.f  ;ur.d(  aou-sys-symptcm  =  'APU  ON-ESS  BUS  +  DC  BUS  LTS  ON')  = 
disp  lay  (  fr.l .  ' 

You  just  choose  the  following  symptom: 

The  APU  is  operating  on  ground  power. 

The  switches  are  m’GRD  power  and  APU  Ready. 

Both.  ESS  BUS  licnts  and 
boor.  DC  EL'S  lights  are  ON. 

The  Ground  Fvr/APU  CM  indicator  is  Out. 

First  check  for  115-120  vac  at  terminals  Dll,  L12,  L13 
LI,  L2,  L3  of  contactor  243K2 . 1 , nl , ni , nl j ) . 

question ; apu-volt-rdg;  =  [nl,' 

What  are  the  AP'J  terminal  voltages 
readme?''. 

legalvals ' aou-volt-rdg)  =  ['voltages  correct ',  voltages  missing  or  low 
'  cr  two  voltages  =  O' ] . 

when  founc'v  acu-volt-rdg  -  'voltages  correct')  = 
display!  fnl,nl,r.l  ,nl,  1 

If  you  are  sure  that  the  APU  voltages  at  terminals  Lll  L12  L13  - 

LI  L2  L3  -  are  correct  the  APU  malfunctions  because  the 
phasing  connections  are  incorrect, 
the  contactor  control  is  faulty, 
or  the  switch  control  is  faulty. 

You  rust  now  check  the  phasing  contactor  control  and  switch  control. 


using  a  phase  detector,  check  for  proper  phase  rotation  at  terminals 
Lll  LID  L13  -  LI  L2  L3  -  cf  contactor  243K2. 
- 1 ,nl,nl ,nl] ) . 

rule-1:  if  apu-sys-symptom  =  'APU  ON-ESS  BUS  +  DC  BUS  LTS  ON' 
and  apu-volt-rdg  =  'voltages  correct' 
then  apu  phase  rotation'  is  sought. 

wnenfour.d;  apu-volt-rdg  =  'voltages  missing  or  low')  = 
display ;  ip.i ,  nl ,  ' 

If  you  are  sure  that  the  APU  voltages  are  missing  or  low, 
the  AP'J  might  be  malfunctioning  because  of  incorrect  PMG 
output . 

Troubleshoot  by  performing  the  following  checks: 


With  the  APU  operating,  measure  voltaoes  at  the  voltage  regulator 
plug  242P2  between  pins  A,  B,  C  and  ground.  This  voltage  should 
oe  38  -  40  vac. 1 ,nl,nl] ) . 

rule-2:  if  apu-sys-symptom  =  'APU  CM-ESS  _JS  +  DC  BUS  LTS  ON' 
and  apu-volt-rdg  =  'voltages  missing  or  low' 
then  1  PNG  voltage'  is  sought. 

whenfound(apu-volt-rdg  =  'one  or  two  voltages  =  O')  = 
display( [nl,nl, ' 

If  you  are  sure  that  one  or  two  APU  voltages  =  0, 
check  the  APU  generator  feeder  wires. 

Troubleshoot  by  performing  the  following  checks: 

When  only  one  dr  two  phases  are  missing  gr  low, 
the  integrity  of  those  wires  must  be  verified. 

With  all  electrical  power  off  the  helicopter,  check 

for  continuity  and  no  shorts  to  each  of  the  following 

terminals:  Lll.  L12,  L13  -  L1,L2,L3  -  of  contactor 

242K2,  to  the  disconnected  terminals  Tl,  T2,  T3  of  the 

auxiliary  generator  -  or  ground  power  receptacle  pins 

A,  3,  C.  check  generator  post  Tl,  T2,  T3  to  ground. ', nl , nl] ) . 

rule-3:  if  apu-sys-symptom  =  'APU  OM-ESS  BUS  +  DC  BUS  LTS  ON' 
and  apu-vclt-rdg  =  'one  or  two  voltages  =  O' 
then  'APU  feeder  wires'  is  sought. 

/* . . APU:  PHASING--- . - . */ 


question( ' apu  phase  rotation')  =  [nl,' 

Is  the  phase  rotation  correct?']. 

legalvals (' apu  phase  rotation')  =  [ ' yes 1 , 1  no ' ] . 

whenfcundi ' apu  phase  rotation'  =  'yes')  = 
display ( [nl , 1 

If  phasing  is  correct,  now  check  the  contactor  control  by: 


When  proper  voltages  and  phasing  are  present  at  terminals 
Lll,  L12,  L13  -  L1,L2,L3  -  contactor  243K2, 

Check  for  24  vdc  and  ground  at  x  -  y  -  coil  of  contactor 
243K2 . 


,nl,nl] ) . 


rule-4:  if  apu-sys-symptom  =  'APU  ON-ESS  BUS  +  DC  BUS  LTS  ON1 
and  apu-voit-rdq  =  'voltages  correct' 
and  nct('apu  phase  rotation') 
then  elect-prob-cause  =  'Phasing  Connections  Incorrect'. 


CONTACTOR  CONTROL- 


The  followina  rule  is  temporarily  blocked  out  because  the 
knowledge  engineer  must  find  out  whether  combinations  of 
phasing,  contactor,  and  switch  defects  are  possible, 
ns  the  program  runs  now,  it  is  phasing  or  contactor  or 
switch. 

whenfound( ' apu  phase  rotation'  =  'no')  = 
cisplay( [nl,nl, ' 

If  phasing  is  incorrect,  locate  crossed  connections  -  generator 
terminals  Tl,  T2,  T3 ,  or  ground  power  unit,  or 
contactor  terminals  243K2  Lll,  L12,  L13 
LI,  L2 ,  L3 . 

Now  check  the  contactor  control  by: 

When  prooer  voltages  and  phasing  are  present  at  terminals 
Lll,  Li2]  L13  -  L1,L2,L3  -  contactor  2 43K2, 

Check  for  24  vdc  and  ground  at  x  -  y  -  coil  of  contactor 
243K2 . 


*/ 


.nl]). 


HflflSlWVVV'.H!/  V’V'.UV’V 


/*--- . APU:  CONTACTOR  CONTROL--- . */ 

question( 1 APU  contactor  voltage1)  =  [nl,nl,' 

Is  there  24  vdc  and  ground  at 
x  -  y  -  coil  of  the  contactor? nl] . 

legalvals( 'APU  contactor  voltage1)  =  [ ' yes ' , ' no ' ] . 

rule-5:  if  apu-svs-symptom  =  'APU  ON-ESS  BUS  +  DC  BUS  LTS  ON1 
and  apu-volt-rdg  =  'voltages  correct' 
and  'apu  phase  rotation' 
and  'AFU  contactor  voltage' 

tiier.  elect-prob-cause  =  'APU  malfunction  -  faulty  CONTACTOR'  . 

rule-6:  if  apu-svs-symptom  =  'APU  ON-ESS  BUS  +  DC  BUS  LTS  ON1 
and  apu-vclt-r'dg  =  'voltages  correct1 
and  'apu  phase  rotation' 
and  not('APU  contactor  voltage') 
and  'battery  voltage1  =  'battery  voltage  is  good1 
and  display ( [nl , nl , 1 

If  you  are* sure  that  the  voltage  or  ground  is  incorrect 
fault  isolate  using  a  meter  and  A1-H46AE-WDM-000  -  WP  004  00 
or  A1-H45AE-WDM-010  -  WP  004  00.',nl]) 
then  elect-prob-cause  = 

‘APU  malfunction  -  CONTACTOR  and/or  wiring  faulty' . 

questior.( ' battery  voltage ' )  =  [nl,1 
CHECK  THE  BATTERY! 

What  is  the  battery  voltage?']. 

legalvals ( 'battery  voltage')  =  ['battery  voltage  is  good', 

'battery  is  weaV]. 

rule-7:  if  apu-sys-symptom  =  'APU  ON-ESS  BUS  +  DC  BUS  LTS  ON' 
and  apu-volt-rdg  =  'voltages  correct' 
and  'apu  phase  rotation' 
and  not ( ' APU  contactor  voltage') 
and  'battery  voltage'  =  'battery  is  weak' 
and  disolay(  [r.l  ,nl ,  1 

Remember:  A  good  troubleshooter  always  verifies  that  the 
battery  is  good  before  doing  these  checks! 

Get  a  good  battery  and  begin  tro  ^leshooting  again! ' ,nl,nl,nl] ) 
then  elect-Drob-cause  = 

WEAK  BATTERY ' . 

rule-3:  if  apu-sys- symptom  =  'APU  ON-ESS  BUS  +  DC  BUS  LTS  ON1 
and  apu-volt-rdg  =  'voltages  correct' 
and  ' aou  phase  rotation' 
and  nob('APU  contactor  voltage') 
and  'battery  voltage'  =  'battery  voltage  is  good' 
and  'APU  switch  control'  =  'continuity  good' 
then  elect-prob-cause  =  'APU  switch  control  transfer  unit  faulty'. 

/* . . APU:  SWITCH  CONTROL . . */ 

whenfound( ' apu  phase  rotation'  =  'yes' 
and  'contactor  voltage'  =  'no' 

and  'battery  voltage^  =  'battery  voltage  is  good')  = 
hisplay( [nl , ' 

With  all  electrical  power  OFF  the  helicopter, 

check  tne  continuity  of  ground  power/APU  power  S243S2. 

With  switch  a  APU  power, 

read  continuity  be  tween  pins 

Y  and  V!,  S  and  U  of  connector  243P1  of  the  transfer  unit. 
With  switch  at  GRD  PWR, 

read  continuity  between  pins  Z  and  W,  and  T  and  U  of 
connector  243P1 . ' ] ) . 
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rule-9:  if  apu-sys-symptom  =  1 APU  ON-ESS  BUS  +  DC  BUS  LTS  ON' 
and  apu-volt-rdg  =  ‘voltages  correct' 
and  1 apu  ohase  rotation' 
and  not('A?U  contactor  voltage') 
and  'battery  voltage'  =  'battery  voltaae  is  good' 
and  'APU  switch  control'  =  ' continuity’bad1 
and  display( [nl , ' 

If  continuity  is  incorrect: 

fault  isolate  switch  or  wiring  using  a  meter  and 
A1-H46AE-WDK-0CC  -  WP  004  00 
cr  A1-H46AE-WEM-010  -  WP  004  00 . ' , nl , nl , nil ) 
then  elect-prcb-cause  =  'APU  switch  control  continuity  defective1. 

/* . APU:  PMG  OUTPUT . . . */ 

question( ' APU  PMG  output')  =  [’ 

What  is  the  value  of  the  voltage 
at  the  voltage  regulator  plug 
243P2  between  pins  A,  B,  C 
and  ground? 

Enter  a  number  between  0  and  40.',nl]. 
legalvals ( 1 APU  PNG  output1)  =  number (0 , 40 ) . 

rule -1C :  if  3DU- sys -symptom  =  'APU  ON-ESS  BUS  +  DC  BUS  LTS  ON' 
and  aDU-vdt-rcg  =  ‘voltages  missing  or  low1 
and  ‘APU  PMG  output'  =  a 
and  X  <  35 
and  display ( [nl , nl ,  1 

You  just  entered  a  value  less  than  33  vac. 

If  you  are  sure  that  the  voltage  is  less  than  33  vac, 
replace  the  APU .  1  ,  r.i  ,  nl]  ) 

then  elect-prob-cause  =  ‘APU  PMG  output  incorrect  -  DEFECTIVE  API” 

rule-11:  if  apu- sys- symptom  =  'AFU  ON-ESS  BUS  +  DC  BUS  LTS  ON1 
and  apu-volt-rag  =  ‘voltages  missing  or  lew1 
ar.d  'APU  PMG  output'  =  X 
ar.d  X  >-  33 
ar.c  X  <=  4C 
and  display(  [r.i  ,  nl ,  ' 

You  just  entered  a  voltage  between  33  and  40  vac,  which  is 
normal. 

replace  the  voltage  regulator nl , nl] ) 
then  elect-orofc-cause  = 

AFU  PMG ’output  incorrect  -  DEFECTIVE  VOLTAGE  REGULATOR'. 

/* . APU:  FEEDER  FAULT . */ 


question (' APU  feeder  wires')  =  [nl.nl,1 
D*o  you  have  : 

1.  proper  continuity  AND 

2.  no  shorts  AND 

3.  generator  post  grounded  between 

terminals?  '  ,  nl  ,r.l]  . 

legalvals (' APU  feeder  wires')  =  [ 1  yes  1 , ' no ' ] . 

rule-12:  if  ajpu- sys -symptom  =  'APU  ON-ESS  BUS  +  DC  BUS  LTS  ON' 
and  apu-volt-rcg  =  'one  or  two  voltages  =  0' 
and  'APU  feeder  wires' 
and  display  ( [m  ,  nl ,  ' 

If  you  are' sure  that  there  is  continuity,  no  shorts,  and  that 
tr.e"  generator  post  is  grounded,  then 
there  dees  not  seem  tc  be  a  problem  here ! 1 , nl , nl ] ) 
then  eiect-prcb-cause  =  'UNKNOWN  NOT  PROGRAMMED  YET1. 
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rule-13:  if  apu-svs-sympton  =  'AP’J  CM-ESS  BUS  +  DC  BUS  LTS  Oil' 
and  apu-volt-rdg  =  1  one  or  two  voltages  =  O' 
and  not('APU  feeder  wires') 
and  display( [nl , nl , 1 

Locate  and  repair  discrepant  wire  or  connection. 

If  cpen  exists  inside  AFU  generator  remove  and  replace  AFU. 1 ,nl,nlj ) 
then  elect-prcb-cause  =  'Generator  Feeder  Wires  faulty'. 


/* . 


APU:  AP’J  OPERATING,  GROUND  POWER/ APU  ON 
NO. 2  DC  BUS  LIGHT  ON . 


whenfound(  aDU-s’'s-symotcm  = 

'AFU  CN-GRD  PWR/APU  ON,  No.  2  DC  BUS  LT  OH’)  = 
display  (  [r.1 ,  ' 

Check  ror  28  vac  at  No. 2  DC  BUS  m  right  hand  junction 
box. ‘ , nl] } . 

question (  '  APU  DC  EL’S  voltage')  =  [' 
is  the  voltage  23  vdc  at  the  No. 2  DC  BUS 
in  the  right  hand  junction  box’, nil. 

legalvals i 1 APU  DC  BUS  voltage1)  =  [ ' yes ' , ' no ' ] . 

whenfound( ' APU  DC  BUS  voltage'  =  'no')  = 
display ( [ni , nl , ' 

If  you* are  sure  that  the  voltage  is  not  28  vdc, 

now'vou  must  check  for  23  vdc  at  XI  at  DC  CROSS  TIE  CONTACTOR 

MlKo  . 

If  23  vdc  is  present  check  ground  wiring.  1  ,r.l,nl]  ) . 

rule-14:  if  apu-sys- symptom  = 

‘APU  ON-C-RD  PWR/APU  ON,  No. 2  DC  BUS  LT  ON1 
and  'APU  DC  BUS  voitace'  =  'no' 
and  'DC  CROSS  TIE  CONTACTOR  voltage' 
and  'ground  wiring  correct' 

then  elect-prcb-cause  =  'APU  DC  CROSS  TIE  CONTACTOR  defective'. 

vhenf  ou:id(  '  AFU  DC  BUS  voltage'  =  ‘yes')  = 
di splay ( [nl , nl ,  ' 

If  you* are  sure  that  the  voltage  is  28  vdc, 

now  vcu  must  check  for  28  vdc  at  X2  of  BUS  FAIL  RELAY 

161 K4 . 

If  23  vdc  is  present  check  ground  wiring. ' ,nl,nl] ) . 

cuesticn( ' DC  CROSS  TIE  CONTACTOR  voltage')  =  [nl, ' 

Is  the  voltage  28  vdc  at  XI  at  the 
DC  CROSS  TIE  CONTACTOR? ', r.1]  . 

legalvais ( ' DC  CROSS  TIE  CONTACTOR  voltage')  =  [ 1  yes  1  , ' no  1 ] . 

question( ' ground  wiring  correct')  =  [' 

Is  the  ground  wiring  correct? ', ni] . 

legalvais ( 1  ground  wiring  correct')  =  [ ' yes ' , 1  no ' ] . 

rule-15:  if  apu-sys-svmptom  = 

'APU  CN-GRD  PWR/AP’j  ON,  No .  2  DC  3US  LT  ON' 
ar.d  'APU  DC  BUS  voltage'  =  'yes' 
and  'BUS  FAIL  RELAY  voltage' 
and  'ground  wiring  correct 

then  eiect-prob-cause  =  'APU  BUS  FAIL  RELAY  defective'. 

question( ' BUS  FAIL  RELAY  voltage')  =  [' 

Is  the  voltage  28  vdc  at  X2  at  the 
BUS  FAIL  RELAY’ 1 ,nl] . 

legalvais 1 'BUS  FAIL  RELAY  voltage1)  =  [ 1  yes ' , ' no ' ] . 

rule-16:  if  apu-sys-synptom  = 

'APU  CN-GRD  PWR/APU  ON,  No. 2  DC  BUS  LT  ON1 
ar.d  'APU  DC  EL'S  voltage'  =  'no' 
and  not ( ' DC  CROSS  TIE  CONTACTOR  voltage1) 
then  elect-prob-cause  =  'APU  DC  CROSS  TIE  RELAY  defective'. 


.*  .* '  '  .*  .  *_*  v  u  ~  . 

*.  ’  O' 


rule-17:  if  apu-svs-symDtom  = 

APU  OII-GRD  PWRVAPU  ON,  No .  2  DC  BUS  LT  Cl! 1 
and  'APU  DC  EUS  voltage'  =  yes' 
and  not; 1  BUS  FAIL  RELnY  voltage') 
then  eiect-prob-cause  =  'APU  DC  'CROSS  TIE  RELAY  defective'. 


APU:  APU  OPERATING  GROUND  PWR/APU  ON  BOTH 

DC  BUS  LIGHTS  ON - - */ 


vh  e  n  f  o  ur.  d  ( a  o  u  -  s  v  s  -  s  ymp  t  om  = 

'APU  Operating  Ground  PWR/APU  ON  Both  DC  Lights  ON1)  = 
display!  '  r.l ,  1 

Check  for  23  vdc  at  the  transformer  rectifier  relay  terminal 
A3  .  1  ,  nl , nl j ) . 

question!  •  trar.s  rect  relay  voltage1)  =  [nl,1 
Is  the  voltage  at  the  transformer 
rectifier  relay  terminal  A3  =  23  vdc?’]. 

legalvals  (  1  trar.s  rect  relay  voltage')  =  [  '  yes  1  ,  '  no '  ]  . 

whenfound! ' trans  rect  relay  voltage'  =  'yes')  = 
display ( [r.l ,  ' 

If  "5u  are  sure  that  the  voltage  is  23  vdc, 
reolace  relay  1S1K7,  then 

check  the  voltage  of  terminal  A2  of  relay  161K7 . ' , nl ,nl] ) . 

whenfoundt.  1  trans  rect  relay  voltage'  =  'no1)  = 
display! [nl , ' 

If  vou  are  sure  that  the  voltage  is  not  23  vdc, 
fault  isolate  wiring,  transformer  rectifier,  and 
input  wiring. ', nl , nl- ) . 

question! 'A2  voltage')  =  [nl,1 
Is  the  volts oe  at  terminal  A2 
of  relay  16i:k7  correct?']. 

legalvals (' A2  voltage')  =  [ ' yes  1 , ' no ' ] . 

rule-13:  if  apu- svs-symptom  = 

'APU  Operating  Ground  PWR/APU  ON  Both  DC  Lights  ON1 
and  'trans  rect  relay  voltage’ 
and  'A2  voltage' 
then  elect-crcb-cause  = 

'Relay  161K7  in  APU  transformer  rectifier  defective'. 

rule-19:  if  apu-svs-symptom  = 

APU  Coerating  Ground  PWR/APU  ON  Eoth  DC  Lights  ON' 
and  not! ’trans  rect  relay  voltage') 
then  eiect-prcb-cause  =  'APU  transformer  rectifier  defective'. 


END  OF  APU  ELECTRICAL  NODULE 


utility  POWER  SYSTEM  ********************/ 

goal  =  hydr-prob-cause . 

automaticmenu(ALL) . 

er.umeratedanswers (ALL) . 

presupposition(utii-pwr-sys-svmptom)  = 
major-system  =  1  hydraulic r 

ar.d  hydraulic-sub-system  =  'Utility  Power  System1. 

p r esuppos it ion (utii-press-ina- symptom)  = 
major-system  =  'hydraulic' 

ar.d  hydraulic-sub-system  =  'utility  Dressure  indicating 

system1. 

question(util-pwr-sys-symptom)  =  [' 

What  are  the  symptoms  of  the  problem? ' ,nl] . 

legalvals (utii-pwr-sys-symDtom)  =  [ 

'Handpump  Operation  Difficult  and  Ineffective  (Filling  System)', 
'Handpurr.p  Operation  Difficult  and  Ineffective  (Pressurizing  System) 
'Pressure  Fluctuates  Between  0  and  2500  psi  After  APU  Starts', 
'Accumulator  Pressure  Drops  Off  to  Gas  Precharqe1, 

'APU  Starts  But  Does  Met  Accelerate  -Runs  40-60%  RPM', 

'Continuous  UTIL  HYD  HOT  Warning  Light', 

'Fan  Dees  Mot  Operate', 

‘Fluid  Overheating1, 

1  Accumulator  Gas  Precharge  Bleeds  Off1, 

'Low  System  Pressure  --  Transmission  Turning', 

'Power  Supply  Pressure  Fluctuates', 

' APJ  Will  Not  Start ' , 

'Subsystems  Mot  Receiving  Pressure', 

'Unable  to  Pressurize  Accumulator  With  Handpump1, 

'Reseated  Extension  of  Filter  Contamination  Indicators’, 

1  Hydraulic  Chattering  or  High  Frequency  Vibrations  in  System1-. 


/* . -UTILITY  POWER  SYSTEM  SYMPTOM: 

HANDPUMP  OPERATION  DIFFICULT  AND  INEFFECTIVE  (FILLING 
SYSTEM)  . */ 


■> 


whenfound(utii-pwr-svs- symptom  = 

'Handpump  Coeration  Difficult  and  Ineffective  (Filling  System)')  = 
displa*y(f‘ 

The  first  check  of  this  problem  is: 

Check  that  the  arrow  on  the  check  valve  points  toward  the  tee 
above  the  depressurizing  valve . 1 , nl , nl ,nlj ) . 

auestion(hand-pump-ck-valve)  =  [nl,1 
which  way  is  the  arrow  on  the  check 
valve  pointing: 

"towards  tee"  or  'away  from  tee" 
above  the  depressurizing  valve?’]. 

legalvals (hand-pump-ck-valve )  =  ['towards  tee', 'away  from  tee1]. 

rule-1 :  if  util-pwr-sys-symptom  = 

'Handpump  Operation  Difficult  and  Ineffective  (Filling  System)' 
ana  hand-pump-ck-valve  =  'away  from  tee' 
then  hydr-prob-cause  = 

'Check  valve  installed  backwards  in  tee  above 
depressurizing  valve  . 

whenfound(hand-pump-ck-valve  =  'towards  tee')  = 
display ( [nl.nl, ' 

If  you  are  sure  that  the  check  valve  is  installed  properly  in 
the  tee  above  the  depressurizing  valve,  then: 

check  which  way  the  arrow  points  on  the  check  valve  in  the 
bottom  filler.  ,nl,nl,nl] ) . 
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rule-2:  if  util-pwr-sys-svmptom  = 

'Handpump  Operation  Difficult  and  Ineffective  (Filling  System)1 
and  hand-pur,iD-ck-valve  =  1  towards  tee' 
and  bottom- flller-ck-valve  =  'towards  filter' 
then  hydr-prob-cause  = 

'Check  valve  installed  backwards  in  bottom  of  filler'. 

questionfbottcm-filler-ck-valve)  =  [' 

Which  way  is  the  arrow  on  the  bottom 
filler  check  valve  pointing: 

'towards  filter"  or  "away  from  filter"?']. 

legalvals (bottom- f iller-ck-valve )  =  ['towards  f ilter ' , ' away  from  filter'] 

whenfound(bot tom-filler-ck-valve  =  1 awa"  from  filter')  = 
display  ( [r.l ,  nl ,  ' 

If  you  are  sure  that  the  check  valve  is  installed  properly  in 
the  tee  above  the  depressurizing  valve,  and 

If  you  are  sure  that"  the  check  valve  is  installed  properly  in 
the'bottcm  filler,  then: 

check  which  way  that  the  arrow  points  on  the  check 
valve  in  the  out  port  of  the  return  filter. ' ,nl,nl,nl] ) . 

rule-3:  if  util-pwr-sys-symptom  = 

'Handpump  Operation  Difficult  and  Ineffective  (Filling  System)' 
and  hand-pump-ck-valve  =  'towards  tee' 
and  bottom- fiiler-ck-valve  =  'away  from  filter1 
and  return-f ilter-ck-valve  =  'towards  filter' 
then  hydr-prob-cause  = 

■Check  valve  installed  backwards  in  Out  Port  of  Return  Filter1. 


guestion( return-f ilter-ck-valve )  =  [' 

Which  way  is  the  arrow  on  the  out  port 
of  return  filter  check  valve  pointing: 

"towards  filter"  or  "away  from  filter"?']. 

legalvals (return-f ilter-ck-valve )  =  ['towards  filter', 

' away  from  filter '] . 

whenfound(return-filter-ck-valve  =  'away  from  filter')  = 
display ( [nl.nl,1 

If  you  are  sure  that  the  check  valve  is  installed  properly  in 
the  tee  above  the  depressurizing  valve,  and 

If  yon  are  sure  that  the  check  valve  is  installed  properly  in 
the  bottom  filler,  and 

If  you  are  sure  that  the  check  valve  is  installed  properly  in 
the  out  port  of  the  return  filter,  then: 

check  the  Depressurizing  Valve . 1 ,nl , nl , nl] ) . 

rule-4:  if  util-pwr-sys-symptom  = 

'Handpump  Operation  Difficult  and  Ineffective  (Filling  System)' 

and  n*ar.d-pump - c k- va lve  =  'towards  tee' 

and  bottcn-filier-ck-valve  =  ' away  from  filter' 

and  re surn-f ilter-ck-valve  =  'away  from  filter' 

ar.c  depress-valve  -  'baa' 

and  display! [nl,nl, ' 

Replace  the  Cecressurizing  Valve  using 
Al-H46rtE-45D-0C j ,  section  WP  CDS  D0.',nl,nl]) 
then  hydr-prob-cause  -  'Faulty  Depressurizing  Valve1. 

Question ( depress-valve )  =  [' 
fs  the  depressurizing  valve 
"good"  "or  "bad  1 
or  nave  you 

"already  replaced"  it?']. 

legalvals(depress-valve)  =  [' good ',' bad ',' already  replaced']. 
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rule-5:  if  util-pwr-sys-symptom  = 

'Handpump  Operation  Difficult  and  Ineffective  (Filling  System)1 

and  hand-pump-ck-valve  =  'towards  tee' 

and  bcttom-filler-ck-valve  =  1  away  from  filter' 

and  return-fiiter-ck-valve  =  'away  from  filter' 

and  depress-valve  =  'good' 

or  depress-valve  =  'already  replaced' 

and  display ( [nl , nl , ' 

If  ycj  are* sure  that  the  Depressurizing  Valve  is  "good",  or 
if  replacing  the  Depressurizing  Valve  did  not  correct  the 
problem,  replace  the  Handpump  using  A1-H46AE-450-000 , 
section  WP  029  00. ' ,nl,ni] ) 
then  hycr-prob-cause  =  'Faulty  Handpump'. 


/* . UTILITY  POWER  SYSTEM  SYMPTOMS: 

HANDPUMP  OPERATION  DIFFICULT  AND  INEFFECTIVE  (PRESSURIZING 
SYSTEM)  . */ 


•T 

> 

I  w 


whenfound(util-pwr-sys-symptom  = 

'Handpump  Operation  Difficult  and  Ineffective  (Pressurizing  System)') 
dis‘plav(f' 

The"  first  check  of  this  problem  is: 

Check  the  check  valves  in  the  tee  in  the  reservoir  suction  line 
at  station  533,  WL  44. 

Check  the  arrow  at  the  side  of  the  tee,  and 

check  the  arrow  on  the  valve  at  the  bottom  of  the  tee. ' ,nl,nl,nl] ) . 

question(res-suct-line-ck-valve)  =  [nl, ' 
which  way  are  the  arrows  on  the 
reservoir  suction  line  check 
valves  pointing?']. 

leaalvals (res-suct-line-ck-valve)  =  [ 

'side  tee  arrow  -  away  from  tee,  and  bottom  tee  arrow  -  towards  tee 1 < 
'side  zee  arrow  -  towards  tee,  and  bottom  tee  arrow  -  away  from  tee 1 j 

rule-6:  if  util-pwr-sys-symptom  = 

'Handpump  Operation  Difficult  and  Ineffective  (Pressurizing  System) 
and  res-*suct-line-ck-valve  = 

'side  tee  arrow  -  towards  tee,  and  bottom  tee  arrow  -  away  from  tee 
or  res-suct-iine-ck-valve  =  unknown 
then  hydr-prob-cause  = 

'Check  valves  are  installed  backwards  in  tee  in  reservoir 
suction  line  at  station  533,  WL  44'. 

whenf ound( res-suct-line-ck-valve  = 

'side  tee  arrow  -  away  from  tee,  and  bottom  tee  arrow  -  towards  tee') 
display ( [ ' 

If  you  are  sure  that  the  arrow  at  the  side  of  the  tee  points 
AWAY  from  the  tee,  and  that  the  arrow  on  the  valve  at  the 
botcom  of  the  tee  points  TOWARDS  the  tee,  then: 

Check  for  Air  in  the  Utility  Reservoir .', nl , nl , nl] ) . 

question(air-in-util-res)  =  [nl,1 
C'ld  you  find  air  in  the  utility 
reservoir? ' ] . 

legalvais(air-in-util-res)  =  [ ‘ yes ' , ' no ' ] . 
rule-7  :  if  util-pwr-sys-symptom  = 

'Handpump  Operation  Difficult  and  Ineffective  (Pressurizing  System) 
and  res-suct-line-ck-valve  = 

'side  tee  arrow  -  away  from  tee,  and  bottom  tee  arrow  -  towards  tee 
and  air-in-util-res  =*'yes' 
and  display ( [nl , nl , ' 

Bleed  the  Utility  Reservoir  using  A1 -H46AE-450-0C0 , 
section  WP  013  00 . ' , nl , nl , nlj ) 
then  hydr-prob-cause  =  'Air  in  Utility  Reservoir'. 
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whenfound( air-in-util-res  =  'no')  = 
display ( [ ' 

If  you  are  sure  that  the  check  valves  are  properly  installed  in 

the  tee  at  the  reservoir  suction  line,  and 

that  there  is  no  air  in  the  utility  reservoir,  then: 

1.  Disconnect  the  line  between  the  isolation  manifold  and  the 

package  manifold. 

2.  Cap  the  isolation  manifold  and  plug  line. 

3.  Operate  the  handpump .  '  ,r.l] ) . 

rule-6:  if  util-pwr-sys-svnptom  = 

'Handpump  Operation  Difficult  and  Ineffective  (Pressurizing  System) 
and  res-suct-line-ck-valve  = 

'side  tee  arrow  -  away  from  tee,  and  bottom  tee  arrow  -  towards  tee 
and  air- m-util- res  =  'no' 
and  hand-pump-cos  =  ‘yes' 
and  display ;  jr.1",  nl ,  ' 

If  the  hand  pumo  operates  procerly,  the  Dackace  manifold  is 
raulty. ' ,ni,nl,nl] ) 

then  hycr-p rob- cause  =  'Faulty  Relief  Valve  in  Fackaqe  Manifold1. 
questicr.(hanc-pump-ops )  =  [nl,  ' 

Does  the  hand  pump  operate  properly?']. 

legalvais(hand-pump-ops)  =  [ ' yes ' , ' no ' ] . 

wher.f  our.d(har.d-pump-cps  =  'no')  = 
display^ ! nl ,nl , nl, 1 

If  you* are  sure  that  the  check  valves  are  properlv  installed  in 

the  tee  at  the  reservoir  suction  line,  and 

that  there  is  no  air  in  the  utility  reservoir,  and 

that  the  hand  pump  dees  not  operate  properly , ’ then : 

Check  the  Depressurizing  Valve,  and 

Check  the  reservoir  for  external  damage .', nl . nl , nl] ) . 
rule-9:  if  util-pwr-sys-symptom  = 

'Handpump  Cperation  Difficult  and  Ineffective  ( Pressurizing  System; 
and  res-suct-ime-ck-valve  = 

'side  tee  arre  -  away  from  tee,  and  bottom  tee  arrow  -  towards  tee 

and  air-m-util-res  =  '  r.o  1 

and  hand-pump- ops  =  'no' 

and  depress-valve  =  'bad' 

and  res-ext-damage  =  'no' 

then  hydr-prcb-caase  =  'Faulty  Depressurizing  Valve'. 

rule-13:  if  util-pwr-sys-symptom  = 

'Handpump  Cperation  Difficult  and  Ineffective  (Fressur iz *ng  System) 
and  res-suct-lme-ck-valve  = 

'side  tee  arrow  -  away  from  tee,  and  bottom  tee  arrow  -  towards  te» 

and  air-in-util-res  =  'no' 

and  hand-pump-cps  =  'no' 

and  depress-valve  =  'good' 

or  depress-valve  =  'already  replaced' 

and  res-ext-damage  =  'no' 

and  display ( [nl ,  r.l ,  ' 

If  you  are  sure  that  the  Depressurizing  Valve  is  "aood " ,  or 
if  replacing  the  Depressurizing  Valve  did  not  correct  the 
problem,  replace  the  Handpump  using  A1-H46AE-450-CGO , 
section  WF  u29  00.',nl,nlj) 
then  hydr-prob-cause  =  'Faulty  Handpump1. 

question( res-ext-damage )  =  [' 

Is  there  any  evidence  of  damage 
on  the  reservoir?']. 

legalvais(res-ext-aamage)  =  [ ' yes ' , ' no 1 ] . 
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legalvals (util-sys-press )  =  [ ' yes  1 , ' no ' [ 


rule-13:  if  util-pvr-sys-symptcm  = 

'Pressure  Fluctuates*  Between  1  and  25CG  psi  After  API!  Starts 
and  f ilter-co.ntam  =  'r.o1 
sr.d  util-sys-press  =  'no1 
and  display ( [hl.nl, ' 

Since  the  system  did  net  hold  pressure,  you  must  r.cv: 

troubleshoot  the  flicht  control  hydraulic  system  using 
Al-n4e.-.Z-45  J--1C1 ,  section.  V.'P  113  !l.  ,ul  n.i'r.l" 
then  hy dr-prob -cause  -  Pressure  Leah  m  Lc.L  Flight  Ccr.trcl  S; 

vhenf ound'utii-sys-press  =  'yes  )  = 
display!  [r.l ,  nl*,  ' 

If  you* are  sure  that: 

*the  system  is  net  ccr.taxir.ated .  and 
the  system  does  held  pressure . 
then  the  next  troubleshooting  procedure  you  perform  is.- 

1.  Pressurize  the  accumulator  with  the  har.dpu.T.p. 

2.  Check  if  the  svste.r.  maintains  cressure,  "or 

if  the*  system,  drops  of:  to  air  ore  on.  an  re  presour 

question: accum-press )  =  (' 

Loes  ti'.e  Accumulator  •  hold''  pressure 
or  does  it  drop  off'  to  air" 
ore  charge  pressure'  ] . 

legalvals'.  accum.-t  ress  i  =  [  hold'  drop  off'. 

rule-14:  if  util-pvr-sys-symptcm  = 

Press-re  Flue  ‘uates*  Bet -.'e’en  3  and  LUO  psi  After  A?”  Starts 

and  util-sys-uress  =  ves 
and  a oc-m-preis  =  drop  off 
and  display  nl.nl. 

If  you  are  sure  that  the  Accumulator  did  not  held  pressure  - 
tr.ere  was  a  pressure  drop  off',  you  must  now 

F.escsrt  the  consultation  to  troubleshoot  as  directed  m  th.e 
symptom. : 

“Accumulator  Pressure  Props  Off  To  Gas  Precr.arce .  1  ,  r.l ,  r.l 
the::  r.ycr-prob-cause  =  'Leakage*  through  a  Utility  System  Comp:: 

whenfcur.d ,  accux-press  =  'hold  )  = 
display  r.l  r.l ,  ‘ 

If  you*  are  "rcubleshootor.g: 

Pressure  Fluctuates  Between  0  and  25C0  psi  After  APU  Start 
and  if  you  are  sure  that: 

the ‘system  is  net  contaminated,  and 
the  system  dees  hold  pressure,  and 
the  accumulator  dees  hold  pressure, 
then  th.e  next  troubleshooting ‘procedure  you  perform  is : 

1.  Disconnect  the  line  from  the  relief  valve. 

2.  Cap  eff  the  valve  and  plug  line. 

2.  Operate  the  AFU . 

CL.ecx  if  tr.e  Utility  System,  pressure  fluctuates,  or  not. 

DISREGARD  THIS  PROCEDURE  IF  TRCUBLESKCOTlh'G 
“Accumulator  Pressure  urops  Cff  Do  Gas  Precharge,  .nl.nl’, 

question1, util-sys-press-fluct ;  =  [  Does  the 

Utility  System  Pressure  fluctuate? 1 ]  . 

legalvals (util-sys-press-fluct ;  =  [  yes', 'no']. 

rule- IS:  if  util-pvr-sys-symptcm  = 

Pressure  Fluctuates*  Eetween  0  and  2530  psi  After  APU  Starts 
and  f ilter-contam.  =  'no' 

.ac  util-sys-press  =  [yes' 
and  occur, i-press  =  'hold' 
and  util-sys-press-fluct  =  'no' 
then  kvdr-nrcn-ca use  =  Faulty  Hiah  Pressure  Relief  Valve* 
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rule-19:  if  utii-pwr-sys-symptom  = 

' Accumulator  Pressure  Drops  Off  to  Gas  Precharge’ 
and  press-op-valve-leak  =  'no1 
and  accum-press  =  ’hold1 
and  dispiay( [nl,nl, 1 

Replace  Pressure-Operated  Valve  using  A1-H46AE-45Q-000 , 
section  WP  021  Q0.',nl,nl]) 

then  hydr-prob-cause  =  'Faulty  Pressure-Operated  Valve'. 

v;henfound(accum-prsss  =  'drop  off1)  = 
disolayi'  [r.l.nl,  1 
If  you" are  troubleshooting: 

"Accumulator  Pressure  Drops  Off  to  Gas  Precharge" 
and  if  you  are  sure  that: 

the 'Pressure-Operated  Valve  does  not  leak,  and 
that  the  accumulator  pressure  does  "drop  off", 
the  next  troubleshooting  procedure  is: 

1.  Remove  the  line  to  the  manifold  valve  AUX  PRESS  port. 

2.  Cap  the  tee. 

3.  Pressurize  the  accumulator. 

4.  Check  for  accumulator  pressure  "drop  off"  or  "hold" . 1 , nl , nl] ) 

rule-2C:  if  util-pvr-sys-symptom  = 

'Accumulator  Pressure  Drops  Off  to  Gas  Precharge' 

and  press-op-valve-leak  =  no 

ar.d  accun-press  =  'drop  off 

and  ramp-manifold-accum-press-ck  =  'hold1 

and  display ( [nl.nl, 1 

Replace* Ramp  and  Door  Control  Manifold  Valve  using  A1-H46AE-110-000 , 
section  WP  015  OO.'.nl.nlJ) 

then  hydr-prob-cause  =  'Faulty  Ramp  and  Door  Control  Manifold  Valve1. 

question(ramp-manifold-accum-press-ck)  =  [' 

Does  the  accumulator  "hold"  or  "drop  off" 
pressure? ' ] . 

legalvals( ramp-manifold-accum-press-ck)  =  [' hold1 ,' drop  off1]. 

whenfoundf ramp-manifold-accum-press-ck  =  'drop  off')  = 
display( [ni.nl, ' 

If  you  are  sure  that: 

the  the  Pressure-Operated  Valve  is  not  leaking,  and 
the  accumulator  dees  hold  pressure  for  the  first  check,  and 
the  accumulator  "drops  off'  pressure  in  the  second  check, 
then  the  next  troubleshooting  procedure  you  perform  is: 

Check  for  APU  Pump-Motor  motoring  with  start  switch  OFF. ', nl.nl] ) . 

rule-21:  if  util-pwr-sys-symptcm  = 

'Accumulator  Pressure  Drops  Off  to  G3S  Precharge' 

and  press-cp-valve- leak  =  'r.o 

and  ‘accum-oress  =  'drop  off1 

and  ramp-manifold-accum-press-ck  =  'drop  off' 

and  apu-motoring  =  'yes'* 

and  display; [nl , nl , ' 

Replace* Solenoid  Operated  Shutoff  Valve  using  A1-H46AE-450-000 , 
section  WP  021  00.', nl.nl]; 

then  hydr-prob-cause  =  'Faulty  Solenoid  Operated  Shutoff  (Pilot)  Valve' 

questicn( apu-motoring)  =  (' 

Does  the  APU  motor  with  the  start 
switch  OFF? ' ] . 

iegalvals(apu-motoring)  =  [ ' yes ' , ' no ' ] . 
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whenfound(apu-motoring  =  'no')  = 
display( fnl,nl, 1 
If  you  are  sure  that: 

the  the  Pressure-Operated  Valve  is  not  leaking,  and 
the  accumulator  does  hold  pressure  for  the  first  check,  and 
the  accumulator  "arcps  off1'  pressure  in  the  second  check, 
and  the  APU  does  not  motor  when  the  stare  switch  is  OFF, 
then  the  next  troubleshooting  procedure  you  perform  is: 

Check  for  the  pressure  to  drop  off  when  depressurizing  valve 
is  set  to  FULL. ' ,nl,nl] ) . 

rule-22:  if  util-pwr-sys-symptom  = 

'Accumulator  Pressure  Drops  Off  to  Gas  Precharge' 
and  press-op-valve-leak  =  'no' 
and  accum-press  =  'drop  off' 
and  ramp-manifold-accum-press-ck  =  'drop  off' 
and  apu-motoring  =  'no' 

and  depress-valve-press-drop  =  'drop  off' 
and  display( [nl,nl . ' 

Replace’ Controllable  Check  Valve  using  A1-H46AE-450-000 , 
section  W?  022  00.‘,nl,nl]) 

then  hydr-prob-cause  =  'Faulty  Controllable  Check  Valve'. 

question(depress-valve-press-drop)  =  [' 

Does  the  pressure  "hold1'  or  "drop  off" 
when  the  depressurizing  valve  is  set 
to  FULL? 1 ]  . 

legalvals(depress-valve-press-drop)  =  [ 1  hold' ,' drop  off1]. 

whenfound(depress-valve-press-drop  =  'hold')  = 
display( [nl, ' 

If  you  are  sure  that: 

the  the  Pressure-Operated  Valve  is  not  leaking,  and 
the  accumulator  does  hold  pressure  for  the  first  check,  and 
the  accumulator  "drops  off1'  pressure  in  the  second  check, 
and  the  APU  does  not  motor  when  the  start  switch  is  OFF,  and 
the  pressure  "holds"  when  the  depressurizing  valve  is  set 
to  FULL , 

then  the  next  troubleshooting  procedure  you  perform  is: 

1.  Disconnect  line  from  shuttle  valve  to  top  cross  between 

high  pressure  relief  valve  and  pressure  line  filter. 

2.  Cap  the  valve. 

3.  Plug  line. 

4.  Pressurize  the  Accumulator. 

Check  for  Accumulator  pressure  drop. ‘ ,nl ,nl] ) . 

rule-23:  if  util-pwr-sys-symptom  = 

'Accumulator  Pressure  Drops  Off  to  Gas  Precharge' 

and  press-op-valve-leak  =  'no' 

and  accum-press  =  'drop  off' 

and  ramp-manifold-accum-press-ck  =  'drop  off' 

and  apu-motoring  =  'no1 

and  depress-valve-press-drop  =  'hold' 

and  shuttle-valve-accum-press-ck  =  'drop  off 

and  display( [nl,nl ,  1 

Replace  Shuttle  Valve  using  A1-H46AE-450-000 , 
section  WP  018  00.',nl,nlj) 

then  hydr-prob-cause  =  'Faulty  Controllable  Check  Valve'. 

auestion( shuttle-valve-accum-press-ck)  =  [' 

D’ces  the  accumulator  pressure 
"hold"  or  "drop  off"?']. 

!egaivals( shuttle-valve-accum-press-ck)  =  [' hold ',’ drop  off']. 


/* . UTILITY  POWER  SYSTEM  SYMPTOM: 

APU  STARTS  BUT  DOES  NOT  ACCELERATE  (RUNS  AT  ABOUT 

40  TO  60%  RPM  ----  */ 

whenfound(util-pwr-sys-symptom  = 


'APU  Starts  But  Does  Not  Accelerate  -Runs  40-60%  RPM1)  = 
display( [nl, 1 

The  first  check  for  this  symptom  is: 

Watch  the  Mg  Tachometer  for  engine  cranking  during  APU  start. 

If  trouble  is  on  #1  Engine,  set  SYS  SELECT  switch  to  ENG  #1. 
Check  to  see  if  the  mam  engine  cranks. 1 ,nl,nl,nl] ) . 

question(engine-cranking)  =  [' 

Is  the  Encrine  cranking  during 
APU  start? ' ] . 

legalvals( engine-cranking)  =  [ 'yes' , 'no' ] . 

rule-32:  if  util-pwr-sys-symptom  = 

‘APU  Starts  But  Does  Not  Accelerate  -Runs  40-60%  RPM' 
and  engine-cranking  =  'yes' 
and  display( [nl,nl, ' 

Replace  the  main  engine  start  valve  using  A1-H46AE-220-000 , 
section  WP  075  00.',nl,nll) 

then  hydr-prob-cause  =  'Faulty  Main  Engine  Start  Valve'. 

whenfound' engine-cranking  =  'no')  = 
display ( [nl , ' 

If  you  are  sure  that  the  main  engine  is  NOT  cranking  during  APU 
start,  the  next  check  for  this  symptom  is: 

Check  the  Accumulator  air  charge  and  hydraulic 
pressure . ' ,nl ,nl] ) . 

auestion(accum-air-chrg-hydr-pres)  =  [' 

Is  the  Accumulator  Air  charge  or  the 
Hydraulic  Pressure  Low? ' ] . 

legaivals(accum-air-chrg-hydr-pres)  =  [ ' yes 1 , ’ no ' ] . 

rule-33:  if  util-pwr-sys-symptom  = 

'APU  Starts  But  Coes  Not  Accelerate  -Runs  40-60%  RPM1 
and  engine-cranking  =  'no1 
and  accum-air-chrg-hydr-pres  =  'yes' 
and  display ([nl ,nl , ' 

Dump  the  Hydraulic  Pressure. 

Check  the  gauge  for  proper  air  charge. 

Recharge  as  necessary. 

Hanapump  the  accumulator  to  3000  psi.  Use  A1-H46AE-450-000 , 
section  WP  013  00.',nl,nl]) 
then  hydr-prob-cause  = 

'Accumulator  Air  Charge  or  Hydraulic  Pressure  is  low'. 

whenfound(accum-air-chrg-hydr-pres  =  'no')  = 
display( [nl, ' 

If  you  are  sure  that  the  main  engine  is  NOT  cranking  during  APU 
start,  and 

the  Accumulator  air  charge  and  hydraulic  pressure  are  good, 
then  the  next  check  for  this  symptom  is: 

Check  for  the  APU  pump-motor  cavitating  and  chattering  during 
APU  start. ' ,nl,nl]). 

question(apu-cavitating)  =  [' 

Is  the  APU  cavitating  and  chattering 
during  start? ' ] . 

legalvals(apu-cavitating)  =  [ ' yes ' , ' no ' ] . 

rule-34:  if  util-pwr-sys-symptom  = 

'AP'J  Starts  But  Does  Not  Accelerate  -Runs  40-60%  RPM' 

and  engine-cranking  =  'no' 

and  accum-air-chrg-hydr-pres  =  'no' 

and  apu-cavitating  =  'yes' 

and  display ( [nl,nl, ' 

Bleed  air  from  svstem  using  A1-H46AE-450-000, 
section  WP  013  00.',nl,nl]) 
then  hydr-prob-cause  =  'Air  in  System'. 

whenfcundf apu-cavitating  =  'no')  = 
display( [nl , ' 
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If  you  are  sure  that  the  main  engine  is  NOT  cranking  during  APU 
start,  and 

the  Accumulator  air  charge  and  hydraulic  pressure  are  good,  and 
the  APU  pump-motor  is  not  cavitating, 
then  the  next  check  for  this  symptom  is: 

Inspect  the  contamination  indicators  on  system  filters. 

If  extended,  examine  contents  of  filter  bowl  for  contamination 
caused  by  APU  pump-motor  failure. ' ,nl,nl] ) . 

rule-35:  if  util-pwr-sys-symptom  = 

'APU  Starts  But  Does  Not  Accelerate  -Runs  40-60%  RPM' 

and  engine-cranking  =  'r.o 

and  accum-air-chrg-hydr-pres  =  'no' 

and  apu-cavitating  =  'no' 

and  f ilter-contam  =  'yes' 

and  display( [nl.nl, ' 

Replace  APU  pump-motor.  Flush  lines  using  A1-H46AE-450-000 , 
section  WP  013  u0.',nl,nl]) 
then  hyar-prob-cause  =  'Faulty  APU  pump-motor'. 

rule-36:  if  util-pwr-sys-symptom  = 

'APU  Starts  But  Does  Not  Accelerate  -Runs  40-60%  RPM' 

and  engine-cranking  =  'no' 

and  accum-air-chrg-hydr-pres  =  'no' 

ar.d  apu-cavitating  =  'mr 

ar.d  filter-contam  =  'no' 

and  pump-motor-press  =  'yes' 

and  display( [nl,nl, 1 

Replace  APU  pump-motor.  Flush  lines  using  A1-H46AE-450-000 , 
section  WP  013  00.',nl,nlj) 
then  hydr-prob-cause  =  'Faulty  APU  pump-motor'. 

question(pump-motor-press)  =  [' 

Are  pressures  excessive  in  either  the 
motor  mode,  or  pumping  mode?']. 

legalvals (pump-motor-press)  =  [ ' yes ' , ' no ' ] . 

whenfound(pump-motor-press  =  'no')  = 
display([nl, ' 

If  you  are  sure  that  the  main  engine  is  NOT  cranking  during  APU 
start,  and 

the  Accumulator  air  charge  and  hydraulic  pressure  are  good,  and 
the  APU  pump-motor  is  not  cavitating, 
the  APU  is  not  contaminated,  and 

the  pump  mode  and  motor  mode  pressures  are  not  excessive, 
then: 

Troubleshooting  the  APU  using  A1-H46AE-400-000 ,  section  WP 
033  00. 

After  you  have  done  that  the  next  check  for  the  Utility  Power 
System  is: 

1.  Disconnect  the  line  from  the  aft  end  of  High  Pressure 

Relief  Valve. 

2.  Plug  line. 

3.  Cap  the  valve  fitting. 

4.  CDerate  the  APU. 

5.  Check  for  APU  acceleration. ', nl , nl] ) . 

question(apu-accel)  =  [' 

Does  the  APU  accelerate?']. 

legalvals (apu-accel)  =  [ ' yes ' , ' no ' ] . 

rule-37:  if  util-pwr-sys-symptom  = 

'APU  Starts  But  Does  Not  Accelerate  -Runs  40-60%  RPM' 

and  er.gine-crankinq  =  'no' 

and  accum-air-chrg-hydr-pres  =  'no' 

and  apu-cavitatmg  =  'no' 

and  filter-contam  =  'no' 

and  pump-motor-press  =  'no' 

and  apu-accel  =  'yes' 

and  display ( rLnl,nl,  ' 

Replace  High  Pressure  Relif  Valve  using  A1-H46AE-450-000 , 
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section  WP  031  00.‘,nl,nl]) 

then  hydr-prob-cause  =  'High  Pressure  Relief  Valve  Leaking' . 

whenfound(apu-accei  =  'no')  = 
display ( [nl, ' 

If  you  are  sure  that  the  main  engine  is  NOT  cranking  during  APU 
start,  and 

the  Accumulator  air  charge  and  hydraulic  pressure  are  good,  and 
the  APU  puir.c-motor  is  not  cavitating, 
the  AP'J  is  hot  contaminated,  and 

the  pump  mode  and  motor  mode  pressures  are  not  excessive,  and 
you  have  troubleshot  the  APU,  and 
the  APU  does  not  accelerate,  then: 

1.  Disconnect  the  line  from  the  aft  end  of  the  manifold. 

2.  Plug  line. 

3.  Cap  the  manifold  port  fitting. 

3.  Operate  the  APU. 

4.  Check  for  APU  acceleration. ' ,nl,nl] ) . 

rule-38:  if  util-pwr-sys-symptom  = 

'APU  Starts  3ut  Does  Not  Accelerate  -Runs  40-60%  RPM' 

and  engine-cranking  =  'no' 

and  accum-air-chrg-hydr-pres  =  'no' 

and  apu-cavitating  =  'no^ 

and  f ilter-contam  =  'no' 

and  pump-motor-press  =  'no' 

and  apu-accel  =  'no' 

and  man-apu-accel  =  'yes' 

and  display ( [nl ,nl , ' 

Replace  Hanirold  using  A1-H46AE-450-000 , 
section  WP  030  00. ' ,nl,nl] ) 

then  hydr-prob-cause  =  'Utility  System  Package  Manifold  Leaking'. 

question(man-apu-accel)  =  [' 

Dees  the  APU  accelerate?']. 

legalvals(nan-apu-accel)  =  [ 'yes' , 'no' ] . 

rule-39:  if  util-pwr-svs-symptom  = 

'APU  Starts  But  Does  Not  Accelerate  -Runs  40-60%  RPM' 

and  engine-cranking  =  'no' 

ar.d  accum-air-chrg-hydr-pres  =  'no' 

and  aou-cavitating  =  'no' 

and  filter-contam  =  'no' 

and  pump-motor-press  =  'no' 

and  apu-accel  =  'no' 

and  man-apu-accel  =  'no' 

and  disDlav( [nl.nl,  ' 

Sorry,  this  situation  is  beyond  the  scope  of  this  program. ' ,ni,nl-) 

then  hydr-prob-cause  =  'UNKNOWN  -  NOT  PROGRAMMED  YET f . 


/* . UTILITY  POWER  SYSTEM  SYMPTOM: 

CONTINUOUS  UTIL  HYD  HOT  WARNING  LIGHT 

whenfound(util-pwr-sys-symptom  = 

'Continuous  UTIL  HYD  HOT  Warning  Light')  = 
display( [nl , ' 

The  first  check  for  this  symptom  is: 

Perform  functional  test  of  thermal  switch,  using 

A1-H46AE-450-0 00,  section  WP  024  00,  para.  10. ' ,nl,nl,nl] ) . 

question( therm-switch)  =  [' 

Is  the  Thermal  Switch  operating 
properly? ' ] . 

legalvals  ( therm-switch)  =  [ 1  yes  '  ,  '  r.o  '  ]  . 

rule-40:  if  util-pwr-sys-symptom  = 

'Continuous  UTIL  HYD  HOT  Warning  Light' 
and  therm-switch  =  'no' 

then  hydr-prob-cause  =  'Faulty  Thermal  Switch'. 


/  V  >’7  >V  * 


whenfound( therm-switch  =  'yes')  = 
display ( [nl , ' 

If  you  are  sure  that  the  Thermal  Switch  is  operating  properly,  then 
the  next  check  for  this  symptom  is : 

Abort  this  consultation  (Ctrl-A  and  "ves"),  and  start  aaain 
selecting  the  trouble  symptom: 

"Fluid  Overheating"  and  troubleshoot  as  directed. 1 ,nl,nl] ) . 

rule-41:  if  util-pwr-svs-symptom  = 

'Continuous  UTIL  HYD  HOT  warning  Light' 
and  therm-switch  =  'yes' 
then  hydr-prob-cause  =  'Fluid  overheating'. 

/* . UTILITY  POWER  SYSTEM  SYMPTOM: 

FAN  DOES  NOT  OPERATE  -  */ 


whenfound(util-pwr-sys-svmptom  = 

'Fan  Does  Mot  Operate')  = 
display ( [nl , ' 

The  first  check  for  this  symptom  is: 

Check  UT  HYD  SYS  ELO ,  circuit  breakers  for  115  vac  on 
pir.s  A,  B,  and  C  of  0S5P2 . ' , nl , nl , nl] ) . 

auestion(blower-cb)  =  [' 

Is  tnere  115  vac  on  pins  A,B,C 
of  the  Utility  Hydraulic  System 
Blower?']. 

legalvals(blower-cb)  =  ['C/Bs  are  out',' Yes,  but  no  fan', 

'Mo  voltage  present']. 

rule-42:  if  util-pwr-sys-symptom  = 

'Fan  Dees  Mot  Operate' 

and  blower-cb  =  'C/Bs  are  out' 

and  displav( [nl , ' 

Reset  tne  t'T  HYD  SYS  BLO  circuit  breakers.  '  ,nl,nl] ) 
then  hydr-prob-cause  =  'No  AC  electrical  power  -  Circuit  Breakers  Out1 

rule-43:  if  util-pwr-sys-symptom  = 

'Fan  Does  Not  Operate' 

and  blower-cb  =  'No  voltage  present' 

and  display; [nl , ' 

Reoair  or  replace  the  wiring  using 
A1-H46AE-420-000,  section  WP  004  00.',nl,ni]) 
then  hydr-prob-cause  =  'Faulty  Wiring'. 

rule-44:  if  util-pwr-sys-symptom  = 

'Fan  Does  Mot  Operate' 

and  biov;er-cb  =  'Yes,  but  no  fan' 

and  display; \ nl , ‘ 

Replace  the  fan  usino 

A1-H43AE-420-000,  section  WP  024  00.',nl,nl]) 
then  hydr-prob-cause  =  'Faulty  fan'. 


/* . UTILITY  POWER  SYSTEM  SYMPTOM: 

FLUID  OVERHEATING  - */ 


whenfour.d(  util-pwr-sys-symptom  = 

'Fluid  Overheating')  = 
aisplav( [nl , ' 

The  first  thing  to  do  is  abort  this  consultation  (Ctrl-A  and  "yes"), 
and  restart  the  consultation  choosing  the  symptom: 

"Fan  Does  Mot  Operate"  and  troubleshoot  as*  directed. 

The  next  check  after  you  have  troubleshot  the  above  symptom  is: 
Inspect  the  cooler  for  obstruct  ions .', nl , nl , nl ]) . 


question(cooler-obstr)  =  [' 

Are  there  any  obstructions  in  the 
cooler,  like  rags,  tools,  dead 
buzzards? 1 ] . 

legalvals (cooler-obstr)  =  [ 1  yes ' , 1  no 1 ] . 

rule-45:  if  util-pwr-sys-symptom  = 

'Fluid  Overheating1 
and  cooler-obstr  =  'yes' 

then  hydr-prob-cause  = '‘‘Cooler  Air  Intake  Clogged1. 

rule-46:  if  util-pwr-sys-symptom  = 

'Fluid  Overheating' 
and  cooier-obstr  =  'no' 
and  line-chatter  =  'yes' 
and  display( [ni,nl, ' 

Bleed  system  at  the  cooler  bleed  plug  and  reservoir  bleed  plug  using 
A1-H46AE-450-CCO,  section  Vi?  013  00.?,nl,nl]) 
then  hydr-prob-cause  =  'Air  Locked  in  Cooler'. 

question] line-chatter)  =  [' 

Can  you  hear  any  "line  chatter" 
when  the  system  is  operating?']. 

legalvals (line-chatter)  =  [ ' yes ' , ' no ' ] . 

vhenfour.d(  line-chatter  =  'no')  = 
display( fnl, ' 

If  you  are  sure  that  the  Fan  is  OK,  and 

there  are  not  obstructions  in  the  Cooler  Air  Intake,  and 

there  is  no  line  chatter,  then: 

Check  for  temperature  rise  from  pressure  to  return  lines  of 
suspected  leaking  components  if  internal  leakage  is  not 
audible.  The  system  must  be  pressurized  to  3000  psi  for 
this  check.'  ,nl,nl]). 

rule-47:  if  util-pwr-sys-symptom  = 

'Fluid  Overheating' 
and  cooler-obstr  =  'no' 
ar.d  line -chat  ter  =  'no' 
and  ir.ternal-sys-temp  =  'yes' 
then  hydr-prob-cause  =  'Internal  System  Leakage'. 

cuestion(internal-sys-temp)  =  [' 

Is  there  a  temperature  rise  from  the 
pressure  to  the  return  lines  of  the 
suspected  leaking  components?']. 

legalvais(internal-sys-temp)  =  [ 1  yes  1 , 1  no 1 ] . 

whenfound( internal-sys-temp  =  'no')  = 
display ( [nl , ' 

If  you* are  sure  that  the  Fan  is  OK,  and 

there  are  not  obstructions  in  the  Cooler  Air  Intake,  and 

there  is  no  line  chatter,  and 

there  is  no  temperature  rise  from  the  pressure  to  return  lines,  then 

Check  the  reservoir  piston  rod  for  actual  volume  of  fluid 
in  the  tank. ' ,nl,ni] ) . 

rule-43:  if  util-pwr-sys-symptom  = 

'Fluid  Overheating' 
and  cooler-obstr  =  'no' 
and  line-chatter  =  'no' 
ar.d  internal-sys-temp  =  'no' 
and  res-f luid-ivl  =  'low' 
then  hydr-prob-cause  =  'Low  Fluid  Level'. 

cuestion( res- fluid- ivi)  =  [' 

What  is  the  fluid  level  in  the 
reservoir? 1 ] . 

legalvals] res-f luid-ivl)  =  [ 1  normal ',' low '] . 
ruie-49:  if  util-pwr-sys-symptom  = 


'Fluid  Overheating' 
and  cooler-obstr  =  'no* 
and  line-chatter  =  'no' 
and  internal-sys-temp  =  'no' 
and  res- fluid- lvl  =  ‘'normal' 
and  display( [nl,nl . 1 

Sorrv,  this  situation  is  beyond  the  scope  of  this  program. ' , nl.nlj ) 
then  hydr-prob-cause  =  'UNKNOWN  -  NOT  PROGRAMMED  YET ' . 


/* . UTILITY  POWER  SYSTEM  SYMPTOM: 

ACCUMULATOR  GAS  PRECHARGE  BLEEDS  OFF  ----  */ 


whenfound(util-pwr-sys-symptcm  = 

'Accumulator  Gas  Precharge  3leeds  Off1)  = 
display( [nl, 1 

The  first  check  of  this  symptom  is: 

Apoly  a  mild  soap  and  water  solution  to  fittings. 

Watch  for  bubbles  indicating  leakage . 1 , nl , nl , nl] ) . 

question(fittings-bubbles)  =  [‘ 

Are  there  any  bubbles  forming 
around  the  fittings?1]. 

iegalvals ( fittings-bubbles )  =  [ 1  yes 1 , 1  no 1 ] . 

rule-50:  if  util-pwr-svs-svmptom  = 

’Accumulator  Gas  Precharge  Bleeds  Off’ 
and  fittings-bubbles  =  '’yes' 
and  displays [nl.nl, 1 

Lubricate  all  male  fittings  (sounds  erotic,  huh?).  Use  antiseize 
compound.  Torque  all  fittings  and  line  using  A1-H46AE-GAI-C00 . 
section  WP  003  00. nl.nl]) 

then  hydr-prob-cause  =  'Leakage  Through  Line  or  Component  Fittings'. 

whenfcund( fittings-bubbles  =  'no')  = 
display( [nl, ' 

If  vou  are  sure  that  no  bubbles  formed  around  any  of  the  fittings, 
then  the  next  check  is : 

Test  the  accumulator  using  A1-H46AE-450-000 ,  section  WP  049  00. 

1 , nl.nlj ) . 


question^ accum-test)  =  [' 

Did  the  Accumulator  test  "good" 
or  "baa" ? ' ] . 

Iegalvals (accum- test)  =  [' good' ,' bad' ] . 

rule-51:  if  util-pwr-sys-symptom  = 

'Accumulator  Gas  Precnarge  Bleeds  Off' 
and  fittings-bubbles  =  ’no1 
and  accum-test  =  'bad' 
and  dispiay( [nl,nl, ' 

Repair  or  Replace  the  Accumulator  using 
A1-H46AE-450-000 ,  section  WP  023  00.',nl,nl]) 
then  hydr-prob-cause  -  'Accumulator  Leaks  Internally'. 

rule-52:  if  util-pwr-sys-symptom  = 

'Accumulator  Gas  Precharge  Bleeds  Off' 
and  fittings-bubbles  =  ’no' 
and  accum-£est  =  'good' 
and  display ( [nl ,nl , ' 

Sorrv,  this  situation  is  beyond  the  scope  of  this  program. ' .nl.nl] ) 
then  hydr-prob-cause  =  'UNKNOWN  -  NOT  PROGRAMMED  YET  . 


/* . UTILITY  POWER  SYSTEM  SYMPTOM: 

LOW  SYSTEM  PRESSURE  --  TRANSMISSION  TURNING  -  */ 


104 


whenfound(util-pwr-sys-symptom  = 

'Low  System  Pressure  --  Transmission  Turning1)  = 
displays [nl , ' 

The  first  check  of  this  symptom  is: 

Check  the  valve  pointer  for  correct  position. 1 ,nl,nl,nl] ) . 

question(valve-pointer)  =  [' 
what  is  the  position  of  the 
DeDressunzing  valve  pointer: 

"NORM"  or  "FILL"? 1 j  . 

legalvals (valve-pointer )  =  [ 1  normal 1  fill 1 ] . 

rule-53:  if  util-pvr-sys-symptom  = 

'Low  System  Pressure  --  Transmission  Turning' 

and  valve-pointer  =  'fill' 

and  display ( [nl.nl, 1 

Turn  valve  to  "NORM" . 1 , nl , nl] ) 

then  hyar-prob-cause  =  'Depressurizing  Valve  not  Turned  to  NORM' . 

vhenfound( valve-pointer  =  'normal')  = 
display( [nl, ' 

If  you  are  troubleshooting  the  symptom: 

"Low  System  Pressure  --  Transmission  Turning",  then 
If  you  are  sure  that  the  valve  pointer  is  in  the  NORM  position,  then 
the  next  check  of  this  symptom  is: 

Check  system  pressure  at  the  accumulator  pressure  gauge  or  with  a 
direct-reading  pressure  gauge  -  Figs.  1  and  2,  A1-H46AE-450-0Q0 , 
section  WP  008  00,  p.  16. 


If  you  are  troubleshooting  the  symptom: 

'unable  to  Pressurize  Accumulator  With  Handpump,  then 
the  next  check  is: 

1.  Energize  the  isolation  manifold. 

2.  Pressurize  system. 

3.  Check  for  whether  pressure  can  be  maintained. ' ,nl,nl,nl] ) . 

question(sys-press)  =  [' 

what  is  the  direct-reading  gauge 

pressure? ' ] . 

legalvais(sys-press)  =  ['3000  psi',‘Below  3000  psi']. 

rule- 54:  if  util-pwr-sys-symptom  = 

'Low  System  Pressure  --Transmission  Turning' 
and  valve-pointer  =  'normal' 
and  sys-press  =  '3000  psi' 
and  display ( [nl , ni , ' 

You  just  entered  "3000  psi",  which  means  that  the  system  pressure 
is  good,  but  the  indicator  is  not  indicating  the  pressure  properly. 
Troubleshoot  the  pressure  indicating  system .', nl , nl] ) 
then  nydr-prob-cause  =  'Faulty  Pressure  transmitter  or  Indicator'. 

whenfound(svs-press  =  'Below  3000  psi')  = 
disolav ( [nl] 1 

If  you  are  sure  that  the  valve  pointer  is  in  the  NORM  position,  and 
the  direct-reading  pressure  on  the  Accumulator  is  above  or  below 
3000  psi, 

then  the  next  check  of  this  symptom  is: 

Inspect  the  pump  for  blackening  of  metal  plates,  discoloration 
of  paint,  or  melting  of  cadmium  plating. 1 ,nl,nl,nl-) . 

question(pump)  =  [' 

Are  snv  of  the  above  symptoms 
present  on  the  pump?']. 

legalvals (pump)  =  [ ' yes ' , ' no ' ] . 


rule-55:  if  util-pwr-sys-symptom  = 

'Low  System  Pressure  --  Transmission  Turning' 
and  valve-pointer  =  'normal' 


and  sys-press  =  'Eelow  3000  psi1 
anc  pump  =  1 ves 1 
and  disolay(Tnl,nl, ' 

Overheating  is  evident,  replace  pump .  1  ,  nl ,  r.l]  ) 
then  hydr-proD-cause  =  'Low  Pump  Output  Pressure1. 

whenfcund(punp  =  'no')  = 
display ( [ni , 1 

If  you  are  sure  that  the  valve  pointer  is  in  the  NORM  position,  ar. 
the*  direct-reading  pressure  on  the  Accumulator  is  above  or  below 
3000  psi,  and 

there  is  no  evidence  of  the  pump  overheating, 
then  the  next  check  of  this  symptom  is: 

Pressurize  the  system  to  3000  psi,  using  a  teststand. ' , nl , nl , ul ; ; . 

question(teststand-press)  =  [‘ 

As  30C0  psi  maintained,  or  does  the 
pressure  bleed  off?1]. 

legalvals(teststand-press)  =  ['3000  psi  Maintained ',' Bleed  Off']. 

rule-56:  if  util-Dwr-sys-symptom  = 

'Low  System  Pre'ssure  --  Transmission  Turning' 
and  valve-pcinter  =  'normal' 
and  sys-press  =  'Below  3000  psi' 
and  pump  =  ' no ' 

and  taststar.d-oress  =  '3000  psi  Maintained' 
and  display( [nl ,nl , ' 

If  the  pressure  is  maintained  at  3000  osi,  replace  the  pump.' ,nl,n 
then  hydr-prob-cause  =  'Low  Pump  Output  Pressure'. 

whenfound( teststand-press  =  'Bleed  Off')  = 
display (  [r.1 ,  1 

If  you  are  sure  that  the  valve  pointer  is  in  the  NORM  position,  and 
the  direct-reading  pressure  on  the  Accumulator  is  above  cr  below 
30C0  psi,  and 

there  is  no  evidence  of  the  pump  overheating,  and 
the  teststand  pressure  bleeds  off, 
then  the  next  check  of  this  symptom  is: 

Check  the  cressure  with  a  direct-reading  gauge  installed  using 
Figs.  1  an'd  2,  A1-H46AE-450-0C0 ,  section  WP  008  00,  p.  16.', nl.nl, 

questicn(dir-rdg-press )  =  [' 
what  dees  the  direct-reading  gauge 
indicate? ' ] . 

legalvals(dir-rdc-press  )  =  ['High  Pressure ',' Low  Pressure1, 

Normal 1 , ‘ Fluctuating  Pressure ' ] . 

ruie-57:  if  util-pwr-sys-symptom  = 

'Low  System  Pre'ssure  --  Iransmssion  Turning1 
and  valve-pointer  =  'normal' 
and  sys-press  =  'Below  3000  psi' 
and  oump  =  ' no ' 

and  best stand-press  =  'Bleed  Off 
and  dir-rdg-cress  =  Low  Pressure' 
and  display :  1  r.1 ,  nl ,  ' 

If  the  pressure  indicated  is  low,  reoiace  the  manifold. nl , nl] ) 
then  hydr-prob-cause  =  'Faulty  Manifold  Pressure  Relief  Valve'. 

rule-58:  if  util-pwr-sys-symptom  = 

Lew  System  Pre'ssure  --  Transmission  Turning' 
and  valve-pointer  =  'normal' 
and  sys-press  =  'Below  3000  psi' 
and  pump  =  'no' 

and  teststand-press  =  'Bleed  Off 

ana  dir-rdg-press  =  'High  Pressure' 

cr  dir-rdg-press  =  'Normal' 

or  dir-rdg-press  =  'Fluctuating  Pressure1 

and  display ([nl ,nl , 1 

If  the  pressure  indicates  High,  Normal,  or  Fluctuating, 
then  troubleshoot 

the  Indicating  System,  or  troubleshoot  the  symptom: 


'Fever  Supply  Pressure  Fluctuates"  .  ‘  , r.i , r.l] ) 
then  r.ydr-prcb-cause  -  ‘CHECK  ANCIHtR  SYMPTOM'. 


- - YT III TY  POWER  SYSTEM  SYMPTOM: 

FEWER  SUPPLY  PRESSURE  FLUCTUATES  - 

'.i.z  t 1 1  -r'.T"  s'.’s-  s'-T.^i  otl  — 

;  .  ;  -  ;r.  iy  F .  e?  ire  'Fluctuates  '  )  = 

T  ■  •  i  - :  . t  of  tms  symptom  is  : 

:  t .  -  A  nc  yes  ;  this  consultation,  and  re-boot  choosir.a 
.  •  '  .  :  :  isure  Indicating  System1  to 

.  .•  i;..;'-  !..r  Pressure  Indicating  System. 

. e tir.o  the  Indicating  Svsterr.: 

u:  e  cause  using  Figs!  l‘and  2,  A1-H46AE-450-0C0 , 

-  -  ;  U  6.  li.  nirr.l.ni] ). 

. -cvr-sys-svr.ptcn  = 

.  ;  _  F  1 

..  ..  :-t:  es-.  =  Fluctuating  Pressure1 

.  :  i  .  =  “  =  Faulty  Pump  Compensator'  . 

-  r.ydraulic 

.  .  . ;  -  s  -fc -’system  =  'Utility  Power  System' 

:v, -syrpt or.  = 

.  ■  ? . eslure  Fluctuates' 
r  rss  =  Hi  oh  Pressure' 

*  c : r  .  s  -  Normal 

• .  -  Ire  .r.dicates  Hich,  Normal,  or  Fluctuating,  then 

.  t:.e  Indicating  Svstem,  or  troubleshoot  the  symptom: 

..  .reel}  Pressure  Fluctuates".  '  , nl.nl] ) 

..  n  -  r  c_'-';  i -s  e  =  CHECK  ANOTHER  SYMPTOM'  . 

■■■"■  -.ir-rdg-press  =  'Normal’)  = 

_  r»  V  r.  j. 

I:  .  :  .‘are  sure  that  the  Pressure  Indicating  System  is  OK,  and 
•  .  ■  dii  ect-reading  gauge  pressure  is  normal,  then 
*..e  t  cneck  of  this  symptom  is: 

:.-cv.  the  Utility  System  Package  Manifold  Relief  Valve 
.  ,-i;  ring  Pressure.  \nl,nl]  )  . 

ru.e-oO:  if  utii-pvr-sys-symptom  = 

Power  Supply  P’ressure  Fluctuates1 
and  dir-r dg-press  =  'Normal1 
and  rel-va/Z-c:  kg-press  =  bad' 
and  display.'  [ nl.nl",  1 
Replace  the  Manifold. 1 ,nl ,nl] ) 
then  nydr-prcb-cause  =  1  Faulty  Relief  Valve1. 

ouestior.f  rel-valv-crkg-press)  =  [' 

Is  the  Relief  Valve  Cracking  Pressure 
■’good"  or  1  bad" ?  1  ]  . 

legalvals ( rel-valv-crkg-press )  =  [' good' ,' bad' ] . 

when found ( rel-valv-crkg-press  =  'good')  = 
display ( [nl, 1 

If  you  are  sure  that  the  Pressure  Indicating  System  is  OK,  and 
that  the  direct-reading  gauge  pressure  is  normal,  and 
that  the  Relief  Valve  Cracking  Pressure  is  good,  then 
the  next  check  of  this  symptom  is : 

1.  Disconnect  the  line  from  the  aft  end  of  the  valve. 

2.  Plug  the  line. 

3.  Cap  the  valve  fitting. 


.  -  t .' .  e  r. Z  — ' ~  -  . 

leualvals  act-' 


:  -  -  e  -  -  t :  i : 

a r. -  a  ecu;:, -or 


’  j  o  _  r.  ~ 

.  -SV.5-- 


w  ill  .’.'o  t 


Pressurize*  t..e  Accumulator  with  tr.e  har.dpump  .  , r.l ,  r.l ‘  > 
then  r.vdr-pr  cb-c  ai  =  >  -  Law  A  i :  ul  later  Hvcraulic  Pressure'. 


f.er.toun ::  azcum-c;  ess-c.-:  = 


If  you*  are  sure  that  tr.e  Accumulator  pressure  is  3000  psi,  then 
the  next  check  ::  this  svn.t't ~  is : 


,epressun; 


ftCC'lT,'. 


Check  the  Air  Charge . 1 ,ni ,ni ,ni] 


question ( a: 
Air  charce- 


gas -eng,  =  ' 

_:-.tor  r.ave  a  proper 


legalva.s  •,  accum- gas-chg )  =  [  yes' 


:il-pvr-sy  s- symptom 


'  r.c  j  . 

APU  Will  Mot  Start' 


:  u  l  e  -  e  o  :  i! 

and  accum.-press-ck  =  yes 
and  accux-gas-cha  =  'r.o 
and  disc  lay  ( [r.l ,  r.l ,  ' 

Recharge  the " Accumulator . 1 , nl.nl] ) 
then  hydr-prcb-cause  =  'Low  Accurr.ulator  Gas  Charge'. 

whenf our.d( accum-qas-chq  =  'yes  )  = 
display ([nl.  '  , 

if  vou  are  trouble snooting  tr.e  symptom: 

,fAP’J  Will  Mot  Start",  then 

If  you  are  sure  that  the  Accumulator  pressure  is  3000  psi,  and 
that  the  Accumulator  has  a  proper  air"  charge,  then 
the  next  check  cf  this  symptom  is: 


Ciscor.r.ect  the  plug  -  126P5  from  the  pilot  valve. 
Check  for  24  vdc  between  pins  2  and  3. 


If  vou  are  troubleshooting  the  symotom: 

'"L’nable  to  Pressurize  Accumulator  With  Handpump"  ,  then 
If  you  are  sure  that  Accumulator  has  a  proper "gas  charge,  then 


IMS 


Check  the  Depressurizing  Valve  pointer  position. ' ,ni,nl,nl] ) . 

question(plug-voltage)  =  [' 
is  there  z4  vdc  between 
pins  2  and  3?  1  ]  . 

legalvais (plug-voltage)  =  [ ' yes ' , ' no ' ] . 

rule-64:  if  util-pwr-svs-sympcom  =  'APU  Will  Mot  Start1 
ar.d  accum-press-ck  =  'yes' 
and  accun-gas-chg  =  'yes' 
and  plug- voltage  =  'no1 
and  displayf 'nl.nl, 1 
Correct  improper  installation. 

Check  again.  If  voltage  still  not  present  troubleshoot 

the  electrical  system  using  A1-H46AE-420-000 ,  section  WP  009  00. 

' ,nl,nij ) 

then  hydr-prob-cause  =  'Check  Valve  Installed  Backwards1. 

wher.found(olug-voltage  =  'yes')  = 
dispiayC[nl, 1 

If  you  are  sure  that  the  Accumulator  pressure  is  30C0  psi,  and 
that  the  Accumulator  has  a  proper  air  charge,  and 
that  the  Check  Valve  is  installed  properly,  then 
the  next  check  of  this  symptom  is: 

If  voltage  is  present  at  the  Check  Valve  from  the  last  check, 

1.  Disconnect  the  APU  signal  line  at  the  APU  pump-motor. 

2.  Cap  the  motor  opening. 

3.  Install  a  gauge' exceeding  3000  psi  capacity  into  the  line. 

4.  Operate  the  A?U  start  switch. 

5.  Mote  the  gauge  pressure . 1 ,nl ,nl,nl] ) . 

auestior.(gauge-press )  =  [' 

Is  there  oQCu  psi  indicating  on 
the  gauge? ' ] . 

legalvais (gauge-press)  =  [ ' yes ' , ' no ' ] . 

rule-65:  if  util-pwr-sys-symptom  =  'APU  Will  Not  Start1 
and  accum-press-ck  =  'yes' 
and  accum-gas-chg  =  'yes' 
and  plua-voltage  =  'yes' 
and  gauge-press  =  'no' 
and  display( [nl,nl, ' 

If  pressure  is  not  read,  replace  the  valve .', nl , nl] ) 
then  hydr-prob-cause  =  'APU  Start  Sequence  Pilot  Valve  Not  Opening' . 

/* . UTILITY  POWER  SYSTEM  SYMPTOM: 

SUBSYSTEMS  NOT  RECEIVING  PRESSURE  ----  */ 

whenfound(util-pwr-sys-symptom  =  'Subsystems  Not  Receiving  Pressure')  : 
display ( [nl , ' 

The  first  check  of  this  symptom  is: 

Check  the  position  of  the  Depressurizing  Valve .' ,nl ,nl ,nl] ) . 

rule-66:  if  util-pwr-sys-symptom  =  'Subsystems  Not  Receiving  Pressure' 
ar.d  valve-pointer  =  'fill' 
and  display ( [nl, ' 

Turn  the  valve  to  NORM.  1  ,nl,nl]_) 
then  hydr-prob-cause  =  'Depressurizing  Valve  Turned  to  FILL'. 

whenfound(valve-pointer  =  'normal')  = 
display( [nl , 1 

If  you  are  troubleshooting  the  symptom: 

"Subsystems  Not  Receiving  Pressure",  then 
If  you  are  sure  that  the  valve  pointer  is  in  the  NORM  position,  then 
the  next  check  of  this  symptom  is-. 

Manually  open  the  No. 2  valve. 

Check  for  pressure  at  the  ramp  control. 

If  you  are  troubleshooting  the  symptom: 


',  then 


"Unable  to  Pressurize  Accumulator  With  Handp 
1 ,nl,nl] ) . 

question(ramp-ctrl-press)  =  [' 

Is  there  pressure  at  the  ramp  and  hatch 
controls? ' ] . 

legalvals(ramp-ctrl-press)  =  [ 1  yes ' , 1  no  1 ] . 

rule-67:  if  util-pvr-sys-symptom  =  'Subsystems  Not  Receiving  Pressure' 
and  valve-pointer  =  'normal' 
and  ramp-ctrl-press  =  'no1 
and  displays [nl  ' 

Replace  the  Manifold,  using  A1-H46AE-450-000 ,  section  WP  030  00. 

' , nl ,nl] ) 

then  hydr-prob-cause  = 

'Isolation  Manifold  No.l  Valve  Not  Open  When  De-energized'. 

whenfound( ramo-ctrl-press  =  'yes')  = 
display( [ni, ' 

If  you  are  sure  that  the  valve  pointer  is  in  the  NORM  position,  and 
chat  there  is  pressure  at  the  r*amp  and  hatch  controls,  then 
the  next  check  of  this  symptom  is: 

Check  the  Accumulator  for  gas  precharge, 1 ,nl,nl] ) . 

rule-63;  if  util-pvr-sys-symptom  =  'Subsystems  Not  Receiving  Pressure' 
ar.d  valve-pointer  =  'normal' 
and  ramp-ctrl-press  =  'yes' 
and  accum-gas-chg  =  'no1 
and  display ( [nl , 

Service  the  Accumulator  using  A1-H46AE-450-000 ,  section  WP  013  00. 

‘ ,nl,nl] ) 

then  hydr-prob-cause  =  'No  Accumulator  Gas  Precharge'. 

rule-69:  if  util-owr-sys-svmptcm  =  'Subsystems  Not  Receiving  Pressure' 
and  valve-pointer  =  'normal' 
and  ramp-ctrl-press  =  'yes' 
arc  accum-gas-chg  =  'yes' 
and  display ([nl. 

Sorry,  this  situation  is  beyond  the  scope  of  this  program. ', nl.nl] ) 
then  hydr-prob-cause  =  'UNKNOWN  -  NOT  PROGRAMMED  YET  . 


/* . UTILITY  POWER  SYSTEM  SYMPTOM: 

UNABLE  TO  PRESSURIZE  ACCUMULATOR  WITH  HANDPUMP 


whenfound(util-pwr-sys-symptom  = 

"Jnable  tc  Pressurize  Accumulator  With  Handpump')  = 
disolay( [nl, ' 

The  first  check  of  this  symptom  is: 

Check  the  Accumulator  for  a  Gas  Precharge .', nl ,nl , nl] ) . 

rule-70:  if  util-pvr-sys-symptom  = 

'Unable  to  Pressurize  Accumulator  With  Handpump' 
ar.d  accum-gas-chg  =  'no' 
and  display ( [nl , nl , ' 

Recharge  the  Accumulator  .',  nl ,  r.i ;  ) 
then  hydr-prob-cause  =  'No  Accumulator  Gas  Precharge'. 

rule-71:  if  util-pvr-sys-symptom  = 

'Unable  to  Pressurize  Accumulator  With  Handpump' 
and  accum-gas-chg  =  'yes' 
and  valve-pointer  =  'fill' 
ar.d  display (  [ni,nl,  ' 

Turn  the  Depressurizing  Valve  to  NORM . ' , nl , nl] ) 
then  hydr-prob-cause  =  'Depressurizing  Valve  at  FILL'. 

cuestion(manifold-press)  =  [ 1 
is  the  pressure  maintained?']. 

legalvais  ( mar.ifold-press  )  =  [ 1  yes  '  ,  1  no '  ]  . 
rule-72;  if  util-pvr-sys-symptom  = 


'Unable  to  Pressurize  Accumulator  With  Handpump1 

and  accum-gas-chg  =  'yes' 

and  valve-Dointer  =  'normal1 

ana  manifold-press  =  'yes' 

and  display ( [nl,nl, ' 

If  pressure  can  be  maintained,  this  is  an  indication  of  a 
leak  downstream  form  the  manifold.  Find  the  leak. ' , nl.nl] ) 
then  hydr-prcb-cause  =  'Leak  in  System’. 

rule-72:  if  util-pwr-sys-symptom  = 

'Unable  to  Fressurize  Accumulator  With  Handpump' 

and  accum-gas-chg  =  'yes' 

and  valve-pomter  =  'normal' 

and  manifolc-press  =  'no' 

and  display ( [nl,nl, ' 

Sorry,  this  situation  is  beyond  the  scope  of  this  program. ', nl.nl] ) 
then  hydr-prob-cause  =  ' UNKNOWN  -  NOT  PROGRAMMED  YET ' . 


/*--- . UTILITY  POWER  SYSTEM  SYMPTOM: 

REPEATED  EXTENSION  OF  FILTER  CONTAMINATION  INDICATORS  ----  */ 

when found ( util-pwr-sys-symptom  = 

'Repeated  Extension  or  Filter  Contamination  Indicators')  = 
display( fnl, ' 

Troubleshooting  procedures  for  this  symptom  are: 

Inspect  the  filter  elements  for  metallic  matter. 

If  metal  is  present  the  first  time: 

chancie  the'  Accumulator  and  flush  the  system.  Then, 
inspect  the  filter  elements  again. 

If  metal  is  present  a  second  time: 

change  the  Utility  Pump  and  flush  the  system.  Then, 
inspect  the  filter  elements  again. 

If  metal  is  present  the  third  check: 

changethePump-motorand  flush  the  APUlinesand  system. 1 ,nl ,nl] ) . 

question! filter-elements)  =  [' 

Is  there  any  metallic  matter  in 
the  filter  elements?']. 

legalvals(filter-elements)  =  ['Yes,  Metal  present', 'No  Metal']. 

rule-74:  if  util-pwr-sys-symptom  = 

'Repeated  Extension  of  Filter  Contamination  Indicators’ 
and  f ilcer-elements  =  'Yes,  Metal  present' 
then  hydr-prob-cause  = 

'Faulty  Accumulator,  Utility  Pump,  and/or  Pump-motor'. 

rule-75:  if  util-pwr-sys-svmptom  = 

‘Repeated  Extension  of  Filter  Contamination  Indicators' 
and  filter-elements  =  'No  Metal' 
and  display] [nl,nl, ' 

If  you  do  not  have  any  metal  present  in  the  filter  elements 
upon  the  first  inspection,  then  the  problem  is  beyond  the 
scope  of  this  program. 

If  you  have  already  changed  the  Accumulator  and/or  the  Utility  PumD , 
and  there  is  not  metal  present  on  subsequent  inspections  of  the  filter 
elements,  then  problem  is  solved. ‘ ,nl,nl] ) 
then  hydr-prob-cause  =  'UNKNOWN  -  NOT  PROGRAMMED  YET'. 

/* . UTILITY  POWER  SYSTEM  SYMPTOM: 

HYDRAULIC  CHATTERING  OR  HIGH  FREQUENCY  VI3RATI0NS  IN  SYSTEM  --  */ 

whenfound(util-pwr-sys- symptom  = 

'Hydraulic  Chattering  or  High  Frequency  Vibrations  in  System')  = 
display! [nl, ' 

Troubleshooting  procedures  for  this  symptom  are: 

1.  Apply  electrical  power  to  the  helicopter. 


2.  Set  the  ROTOR  BRAKE  switch  to  OFF. 

3.  Disconnect  pressure  line  from  pump  and  plug  port. 

4.  Pressurize  system. 

5.  Use  a  teststand. 

6.  Check  for  fluid  flow  from  the  pressure  line. 1 , nl.nl] ) . 

question(press-line-fluid-flow)  =  [' 

Is  there  any  hydraulic  fluid  flowing 
from  the  pressure  line?1]. 

legalvals (press-line-fluid-flow)  =  [ 1  yes ' , ' no ' ] . 

rule-76:  if  util-pwr-sys-symptom  = 

'Hydraulic  Chattering  or  High  Frequency  Vibrations  in  System1 
and  press-line-fluid-flow  =  'yes' 
and  display ( [nl , nl , 1 

Replace  the  Check  Valve  using  A1-H46AE-450-000 , 
section  WP  022  00.', nl.nl]) 
then  hydr-prob-cause  = 

'Faulty  Check  Valve  between  Pump  Pressure  Outlet  and  Pressure  Filter'. 

rule-77:  if  util-pwr-sys-symptom  = 

'Hydraulic  Chattering  or  High  Frequency  Vibrations  in  System' 
and  press-line-fluid-flow  =  rno' 
and  aisplay( [nl.nl, ' 

Sorry,  this  situation  is  beyond  the  scope  of  this  program. nl.nl] ) 
then  hydr-prob-cause  =  'UNKNOWN  -  NOT  PROGRAMMED  YET ' . 


/**********  end  of  UTILITY  HYDR  POWER  SYSTEM  **********************/ 
/***********  UTILITY  PRESSURE  INDICATING  SYSTEM  ******************/ 


whenfound(hydraulic-sub-system  = 

'utility  pressure  indicating  system1)  = 
util-press -ind- symptom. 

question(util-press-ind-symptom)  =  [' 

What  are  the  symptoms  of  the 
problem  ("gripe")? ' ,nl] . 


legalvals (util-press -ind- symptom)  = 
i 'no  indicator  pointer  movement', 
'pressure  reading  high  or  low' , 
'erratic  or  sluggish  pointer  movement' 


/* . UTILITY  PRESSURE  INDICATING  SYSTEM  SYMPTOMS: 

NO  INDICATOR  POINTER  MOVEMENT  . */ 

whenfouna( util-press- ind- symptom  = 

1  r.o  indicator  pointer  movement')  = 
display( [nl.nl, ' 

Check  the  HYDRAULIC  BOOST  PRESSURE  UT 

circuit  breakers  located  on  the  cockpit  overhead  console. ' ,nl, nl.nl] ) . 

rule-78:  if  util-press-ind-symptom  =  'no  indicator  pointer  movement' 
and  'circuit  breakers  are  out' 
and  display( [nl.nl, ' 

You  need  to  push  in  the  HYDRAULIC  BOOST  PRESSURE  UT 
circuit  breakers  located  on  the  cockpit  overhead  console, 
before  you  can  begin  troubleshooting. ', nl , nl] ) 
then  hydr-prob-cause  =  'No  AC  electrical  power'. 

whenfound( 1  circuit  breakers  are  out'  =  'no')  = 
display ( [nl.nl.nl.nl, ' 

If  you  have  checked  to  make  sure  that  the  HYDRAULIC  BOOST 
PRESSURE  UT  circuit  breakers  located  on  the 
cockpit  overhead  panel  are  in  fact  IN,  now 

check  for  26  vac  at  pin  B  cf  indicator  plug  and  pin  B  of  the 
transmitter  plug. 

Check  wiring  continuity .', nl , nl , nl ]) . 
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rule-79:  if  util-press-ind-symptom  =  'no  indicator  pointer  movement' 
and  not( 'circuit  breakers  are  out') 
and  'connector  or  wiring  continuity'  =  'bad' 
and  display ( (nl ,nl , ' 

Repair  the  wiring  or  the  connector  using 
A1-H46AE-420-000,  WP  004  00 . 1 , nl , nl , nl] ) 
then  hydr-prob-cause  =  'Faulty  Wiring  or  Connector'. 

rule-30:  if  util-cress-ind-symptom.  =  'no  indicator  pointer  movement' 
and  not (‘circuit  breakers  are  out') 
and  'connector  or  wiring  continuity'  =  'good' 
and  'accum  gauge  press'  =  'normal' 
or  'accum  gauge  press'  =  'nigh' 
or  'accum  gauge  press'  =  'low' 
or  'accum  gauge  press'  =  ‘fluctuating1 
and  display ( [ni ,nl , 1 

If  the  accumulator  pressure  gauges  are  reading  normal,  high, 
low,  or  fluctuating, 

then  the  indicator  is  faulty.  Replace  the  indicator  using 
A1-H46AE-50C-000 ,  WP  033  00 . 1 , nl , nl , nl] )  then  hydr-prob-cause  = 
'Faulty  Flight  Control  Pressure  Indicator'. 

question( ' accum  gauge  press')  =  [nl,nl,' 
what  are  the  accumulator  pressure 
gauges  reading? ', nl] . 

legalvals( ' accum  gauge  press')  = 

[‘nigh  , ' low normal ',' fluctuating ',' no  pressure']. 

whenfound( ' accum  gauge  press'  =  'no  pressure')  = 
dispiay( [nl,nl, ' 

If  you  are  sure  that  the  accumulator  gauge  pressure  is  indicating 
no  pressure, 

you  must  row  troubleshoot  the  hydraulic  Utility  Power  System  using 
nl-H46AE-450-000 ,  section  WP  003  00 .', nl ,nl] ) . 

rule-31:  if  util-press-ind-symptom  =  'no  indicator  pointer  movement' 
and  not( 'circuit  breakers  are  out') 
and  'connector  or  wiring  continuity'  =  'good' 
and  'accum  gauge  press'  =  'no  pressure' 
then  hydr-prob-cause  = 

'No  System  Pressure  -  Hydraulic  Utility  Power  System  faulty' . 
/*----UTILITy  PRESSURE  INDICATING  SYSTEM  SYMPTOMS: 

PRESSURE  READING  HIGH  OR  LOW  . */ 

whenfound( util-press- ind- symptom  = 

'pressure  reading  high  or  low')  = 
display( fni,nl , ' 

The  first  troubleshooting  step  is  to: 

Troubleshoot  the  pressure  TRANSMITTER  and  INDICATOR. 
Troubleshooting  procedures  for  these  two  parts  have  not  been 
programmed  yet. 

Second  troubleshooting  step: 

Check  the  wiring  continuity. ' .nl.nl] ) . 

rule-62:  if  util-press-ind-symptom  =  'pressure  reading  high  or  low' 
and  'wiring  continuity'  =  'bad' 
and  display( (nl.nl, 1 

Repair  the  wiring  or  the  connector  using 
A1-H46AE-420-000,  WP  004  00 . 1 , nl , nl , nl] ) 
then  hydr-prob-cause  =  'Faulty  Wiring  or  Ground  Connection'. 

rule-33.-  if  util-press-ind-symptom  =  'pressure  reading  high  or  low' 
and  'wiring  continuity'  =  'good' 
and  display < fnl.nl, ' 

Sorrv,  CADS  does  not  know  what  the  problem  is  if  the  wiring 
continuity  checks  "good" . ' ,nl,nl,nl] ) 
then  hydr-prob-cause  =  'UNKNOWN  -  NOT  PROGRAMMED  YET'. 


/* . UTILITY  PRESSURE  INDICATING  SYSTEM  SYMPTOMS: 
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SLUGGISH  OR  ERRATIC  POINTER  MOVEMENT 


whenfound(util-press-ind- symptom  = 

'erratic  or  sluggish  pointer  movement1)  = 
display^.  [nl,nl ,  1 

The  first  troubleshooting  step  is  to-. 

Troubleshoot  the  pressure  TRANSMITTER  and  INDICATOR. 
Troubleshooting  procedures  for  these  two  parts  have  not  been 
programmed  yet. 

Second  troubleshooting  step: 

Check  the  connectors  for  tightness,  and 
wiring  for  continuity. 1 , nl.nl] ) . 

rule-34:  if  util-press-ind-symptom  = 

'erratic  or  sluggish  pointer  movement' 

and  'connector  tightness  and  wiring  continuity1  =  'no' 

and  display ( [nl.nl, 1 

Tighten  the  connectors. 

Repair  the  wiring,  using 

A1-H46AE-420-000 ,  section  WP  004  00 . 1 , nl , nl , nl] ) 
then  hydr-prob-cause  =  'Intermittent  Short  in  Wiring  Circuit'. 

rule-35:  if  util-press-ind-symptom  = 

'erratic  or  sluggish  pointer  movement' 
and  'connector  tightness  and  wiring  continuity'  =  'yes' 
then  hydr-prob-cause  = 

‘Fluctuating  Pressure  -  Hydraulic  Flight  Control  System1  cf  60. 
/****************  END  op  UTILITY  SYSTEM  MODULE  ***************/ 


/***********  MAJOR  SYSTEM:  HYDRAULIC  ********************** 

. HYDRAULIC  SUB-SYSTEM: 

FLIGHT  CONTROL  HYDRAULIC  SYSTEM . . 


goal  =  hydr-prob-cause. 

automat icmenu( ALL) . 
enumeratedanswers(ALL) . 

presupposition(flt-ctrl-hydr-sys-symptom)  = 
major-system  =  'hydraulic' 

and  hydraulic-sub-system  =  'flight  control  hydraulic  system'. 

presupposition(flt-ctrl-press-ind-symptom)  = 
major-system  =  'hydraulic' 
ani  hydraulic-sub-system  = 

'flight  control  pressure  indicating  system'. 

question(fit-ctrl-hydr-sys-svmptom)  =  [' 

What  are  the  symptoms  of  the  problem? ', nl] . 

leqaivais ( flt-ctrl-hydr-sys-symptom)  = 

['lew  pressure-system  no. 1',' low  pressure-system  no. 2', 
'system  no.l  pressure  fluctuates1, 

‘system  He. 2  pressure  fluctuates', 

'System  No.l  or  Mo. 2  Cannot  Be  Shut  Off', 

'Handover  Condition  In  Dual  Extensible  Links']. 

/* - SYMPTOM:  LOW  PRESSURE  SYSTEM  N0.1 . */ 


whenfound(flt-ctrl-hydr-sys-symptom  =  'low  pressure-system  no.l') 
display^ [nl , 1 

Pressurize  system  with  a  teststand.  Check  system  for  correct 
pressure . 1 , nl ,nl] ) . 

rule-1:  if  flt-ctrl-hydr-sys-symptom  =  'low  pressure-system  no.l' 
ar.d  'system  pressure  buildup  is  correct' 
then  hydr-prob-cause  =  'faulty  pump'. 

question! ' system  pressure  buildup  is  correct')  = 

[nl,'Is  tne  teststand  pressure  buildup  correct?']. 

legalvals( ' system  pressure  buildup  is  correct')  =  [ 'yes' , 'no' ] . 

whe.nfound(  '  system  pressure  buildup  is  correct'  =  'no')  = 
display ( [nl , ' 

If  you  are  sure  that  the  pressure  buildup  is  correct  using  the 
teststand,  now 

Check  the  relief  valve  cracking  pressure. ' ,nl,nl] ) . 

rula-2:  if  flt-ctrl-hydr-sys-symptom  =  'low  pressure-system  no.l' 
and  'relief  valve  cracking  pressure  low' 
then  hydr-prob-cause  =  ‘relief  valve  opens  at  low  pressure'. 

question( ' relief  valve  cracking  pressure  low')  = 

[nl , nl , ' 

is  the  relief  valve  cracking  at  low  pressure? nl] . 
leqaivais (' relief  valve  cracking  pressure  low')  =  [ ' yes  1 , 1  no  1 ] . 

rule-2:  if  flt-ctrl-hydr-sys-symptom  =  'low  pressure-system  no.l1 
ar.d  not('system  pressure'  builaup  is  correct') 
or  not  ('relief  valve  cracking  pressure  low') 
and  display : [nl ,nl ,' Geez ,  I  do  net  know  what  is  wrong  either! 
It  is  not  m  the  MIMS,  cause  I  already  looked. ' ,nl] ) 
then  hydr-prob-cause  =  'UNKNOWN'. 


SYMPTOM:  LOW  PRESSURE  SYSTEM  NO. 2 


/* 


*  / 
/ 


when found ( f It-ctrl-hydr-sys-symptom  =  'low  pressure-system  no. 2')  = 
display( [nl( 1 

Connect  a  direct  reading  gauge  to  manifold.  See  A1-H46AE-450- 
OCC,  section  W?  010  00,  Fig.  1  and  2. 

Check  for  correct  pressure  .' ,nl,r.l]  ) . 

rule-4:  if  flt-ctri-hydr-sys-symptom  =  'low  pressure-system  no. 2' 
and  'cir  rdc  gauge  manifold  press'  =  'low' 
then  hydr-prob-cause  =  'faulty  pressure  reducing  valve  or  relief  valve  in 
package  manifold' . 

questier.(  '  dir  rdg  gauge  manifold  press')  =  [nl,1 
What  pressure  is  the  direct  reading 
gauge  indicating  at  the  manifold? ', nl] . 

legalvals ( ‘ dir  rdg  gauge  manifold  press')  = 
i 'high  , ' low' , 1  fluctuating' ] . 

rule-5:  if  flt-ctri-hydr-sys-symptom  =  'low  pressure-system  no. 2' 
and  dir  rdg  gauge  manifold  press'  =  'high' 
and  display ( [nl ,nl , ' 

Troubleshoot  utility  system  for  low  pressure, 
using  A1-K46AE-450-000 ,  section  WP  008  00.',nl,nl]) 
then  hydr-prob-cause  =  'low  utility  system  power  supply'. 


/* . SYMPTOM:  SYSTEM  NO.l  PRESSURE  FLUCTUATES . */ 


whenfour.d(  flt-ctri-hydr-sys-symptom  = 

system  no.l  pressure  fluctuates')  = 
displavi  [r.l ,  ' 

Troubleshoot  the  indicating  system  using 
A1-H46AE-450-000,  section  WP  011  00. ' ,nl,nl] ) . 

ruie-6:  if  flt-ctri-hydr-sys-symptom  =  'system  no.l  pressure  fluctuates' 
and  'faulty  indicating  system' 
then  hydr-prob-cause  =  'faulty  indicating  system'. 

quastion( ' faulty  indicating  system')  =  [nl,1 

Does  the  indicating  system  nave  problems? ' ,nl] . 

legalvals( 1  faulty  indicating  system')  =  [ ' yes ' , ' no ' ] . 

vhenfound( ' faulty  indicating  system'  =  'no')  = 
display ( [nl , ' 

If  you  have  troubleshot  the  indicating  system,  and  are  sure 
that  it  works  properly,  then: 

Check  system  pressure  with  transmissions  turning.  Connect 
a  direct  reading  gauge  to  PRESS  OUT  port  of  system  no.l  package 
manifold. 

Use  AI-H46AE-450-000,  section  WP  034  00 . ' , nl , nl] ) . 

rule-7:  if  flt-ctri-hydr-sys-symptom  =  'system  no.l  pressure  fluctuates' 
and  ‘manifold  pressure1 

then  hydr-prob-cause  =  'Faulty  pump  compensator'. 

question( ' manifold  pressure ' )  =  fnl,' 

Does  the  direct  reading  gauge  indicate 
fluctuation  more  than  _+I00  psi,  or 
crops  below  minimum  gauge  pressure?']. 

legaivals( 'manifold  pressure' )  =  [ ' yes ' , ' no ' ] . 

whenfound( 'manifold  pressure '  =  'no')  = 
display ( [nl , ' 

Check  the  relief  valve  cracking  pressure. ' ,nl,nl] ) . 

question( ' relief  valve  crkg  press')  =  [nl,1 
Is  the  relief  valve  cracking  at  the 
correct  pressure?']. 

legalvals( ' relief  valve  crkg  press')  =  [ ' yes ' , ' no ' ] . 
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rule-3:  if  flt-ctrl-hydr-sys-symptom  =  'system  no.l  pressure  fluctuates' 
and  'relief  valve  crkc  press'  =  'no' 
then  hydr-prob-cause  =  '’faulty  relief  valve'. 

whenfound( '  relief  valve  crkg  press'  =  'yes')  = 
display ( [nl , 1 

Check  vent  filter  and  line  for  restrictions. 1 ,nl,ni] ) . 

ques tion( ' vent  filter  and  line  restricted')  =  [nl,  ' 

Is  the  vent  filter  and  line  restricted? ' ,nl]\ 

legalvals ' ' vent  filter  and  line  restricted')  =  [ 1  yes ' , ' no ' ] . 

rule-9:  if  flt-ctrl-hydr-sys-symptom  =  'system  no.l  pressure  fluctuates' 
and  ‘vent  filter  and  line  restricted1 
then  hycr-prcb-cause  =  'restricted  air  flow  through  vent  filter1. 

rule-10:  if  flt-ctrl-hydr-sys-symptom  =  'system  no.l  pressure  fluctuates 
and  not( 'faulty  indicating  system') 
and  'relief  valve  crkg  press1 
and  not ('vent  filter  and  line  restricted') 
and  not ( 'manifold  pressure') 
and  display ( rnl,r.I .  ' 

Sorry.  This  problem  is  beyond  the  scope  of  this 
program. 1  ,n.l ,.nlj ) 

then  hydr-prcb-cause  =  'UNKNOWN  -  keep  troubleshooting'. 

/* . FLT  CTRL  SYMPTOMS:  SYS  MO. 2  PRESSURE 

FLUCTUATES . */ 


whenfound(flt-ctrl-hydr-sys-symptom  =  'system  No. 2  pressure  fluctuates') 
display ( [nl ,  ' 

Troubleshoot  the  indicatina  svstem,  using 
A1-H46AE-450-000,  section  WP  Oil  00 . 1 , nl , nl] ) . 

rule-11:  if  flt-ctrl-hydr-sys-symptom  =  'system  No. 2  pressure  fluctuates 
and  'faulty  indicating  system' 
then  hydr-prob-cause  =  'faulty  indicating  system'. 

whenfound( ' faulty  indicating  system'  =  'no')  = 
display( [nl,ni, nl.nl, ' 

If  you* have  troubleshot  the  indicating  system,  and  are  sure 
that  it  works  properly,  then: 

Connect  a  direct  reading  gauge  to  manifold.  See  A1-H46AE-450- 
000,  section  WP  010  00,  Fig.  1  and  2. 

Check  for  correct  pressure .', nl , nl] ) . 

ruie-12:  if  flt-ctrl-hydr-svs-symptom  =  'system  No. 2  pressure  fluctuates 
and  'dir  rdg  gauge  manifold  press'  =  'high' 
or  'dir  rdg  gauge  manifold  press'  =  'low' 
then  hydr-prob-cause  =  'faulty  pressure  reducing  valve  in 
package  manifold' . 

rule-13:  if  flt-ctrl-hydr-sys-symptom  =  'system  No. 2  pressure  fluctuates 
and  'dir  rdg  gauge  manifold  pi ess '  =  'fluctuating' 
and  displayf [nl,nl,nl, ' 

Since  you  entered  "fluctuating"  for  the  direct  reading  gauge 
pressure  check,  now: 

Troubleshoot  the  utility  system. ' ,nl,nl,nl] ) 
then  hydr-prob-cause  =  'Utility  system  power  supply  fluctuating'. 

/* . FLT  CTRL  SYMPTOMS:  SYS  NO.l  OR  NO. 2  CANNOT 

BE  SHUT  OFF . */ 


v.’henf  our.d(  f  It-ctrl-hydr-sys-synptom  = 

'System  No.l  or  No. 2  Cannot  Be  Shut  Off')  = 
display! [nl , ' 

Your  first  troubleshooting  check  will  be: 

Check  for  23  vdc  at  pin  2  of  module  connector  033P1 . ' , nl ,nl] ) . 


question* 'module  connector  voltaae'}  =  fnl,' 

Is  23  vdc  present  at  pin  2  of  the 
module  connector  033P1?1]. 

legalvals( 'module  connector  voltage')  =  [ ' yes ' , ' no ' ] . 

rule-14:  if  flt-ctrl-hydr-sys-symptom  = 

'System  No.l  or  No. 2  Cannot  Be  Shut  Off 
and  not( ’module  connector  voltage1) 
then  hydr-prob-cause  =  'System  No.l  module  pilot  valve  control 
circuits  are  open' . 

whenfound( ' module  connector  voltage'  =  'yes')  = 
display ( [r.l ,  ' 

Your  next  troubleshooting  check  will  be: 

Check  for  28  vdc  at  pin  A  of  package  manifold  plug 
P765  -  033P2 . ' , nl,nlj ) . 

question*!  'manifold  plug  P765  voltage')  =  [nl,1 
is  23  vdc  present  at  pin  A  of  the 
package  manifold  plug  P765?']. 

iegaivals( 'manifold  plug  P765  voltage1)  =  [ 'yes' , 'no' ] . 

rule-15:  if  flt-ctrl-hydr-sys-symptom  =  'System  No.l  or 
No. 2  Cannot  Be  Shut  Off' 
and  'module  connector  voltage' 
and  not* 'manifold  plug  P765  voltage') 
then  hydr-orob-cause  =  'System  No. 2  package  manifold  solenoid 
valve  co‘ntrol  circuit  is  open'  . 

whenfound* ' manifold  plug  P765  voltage'  =  'yes')  = 
display( [nl, 1 

Your  next  troubleshooting  check  will  be: 

Check  for  continuity  of  ground  circuit  through  opposite  system 
pressure  switch. ' ,nl,nl] ). 

question*. 'manifold  solenoid  ground')  =  [nl,  ' 

Is  there  continuity  of  the  cround  circuit 
through  the  opposite  system  pressure  switch?']. 

legaivals (' manifold  solenoid  ground')  =  [ ' yes ' , ' no ' ] . 

rule-16:  if  flt-ctrl-hydr-sys-symptom  = 

'System  No.l  or  No.Z  Cannot  Be  Shut  Off' 
and  'module  connector  voltage1 
ar.d  'manifold  plug  P765  voltage' 
and  r.ct( 'manifold  solenoid  ground') 
then  hydr-prob-cause  =  'Package  Manifold  Solenoid 
valve  ground  circuit  is  open' . 

whenfound* 'manifold  solenoid  ground'  =  'yes')  = 
display* [nl , ' 

Your  next  troubleshooting  check  will  be: 

With  28  vdc  applied  and  ground  circuit  completed,  the  valve 
should  operate  properly. r,nl,nl] ) . 

question* 'manifold  solenoid  valve  operation')  =  [nl,1 
Does  the  module  solenoid  valve  in  the 
package  manifold  operate  properly?']. 

legaivals (' manifold  solenoid  valve  operation')  =  [ ' yes ' , ' no ' ] . 

rule-17:  if  flt-ctrl-hydr-sys-symptom  = 

'System  No.l  or  No. 2  Cannot  Be  Shut  Off' 
and  'module  connector  voltage' 
and  'manifold  plug  P765  voltage1 
and  'manifold  solenoid  ground' 
and  not* 'manifold  solenoid  valve  operation’) 
then  hydr-prob-cause  =  'Faulty  Package  Manifold  Module  Solenoid  Valve' 


rule-13:  if  f It-ctrl-hydr-sys-symptom  = 

System  Ho.l  or  No. 2'  Cannot  Be  Shut  Off1 
and  module  connector  voltage1 
and  'manifold  plug  P763  voltage1 
an  .  manifold  adenoid  ground1" 
and  'manifold  solenoid  valve  operation1 
am  di splay (  [nl,  ' 

All  the’  checks  you  did  were  good. 

Sorry,  the  problem  is  beyond  the  scope  of  this  proaram. 1 , nl , nl] ) 
then  hydr-prob-cause  =  'UNKNOWN  -  not  programmed  yetr. 

•- . . FLT  CTRL  SYMPTOMS:  HARDOVER  CONDITION 

IN  DUAL  EXTENSIBLE  LINKS . */ 

w'..enfounc(  f  It-ctrl-hydr-sys-svmptorn  = 

Handover  Condition  In  Dual'  extensible  Links1)  = 
display! [nl , ' 

Check  the  Dual  Extensible  Links  filter  elements  for  evidence  of 
contamination. ' , nl,nl] ) . 

question! ' dual  ext  link  filters')  =  [nl,1 
Are  ail  three  extensible  link  filter 
elements  contaminated? ' ] . 

legalvals ( ' dual  ext  link  filters')  =  [ ' yes  1 , ' no ' ] . 

rule-19:  if  flt-ctrl-hydr-sys-symptom  = 

'.Hardover  Condition  In  Dual  Extensible  Links' 
and  'dual  ext  link  filters' 

then  hydr-prob-cause  =  'Contamination  in  affected  system'. 


/*******  HYDRAULIC  SUB-SYSTEM: 

FLIGHT  CONTROL  PRESSURE  INDICATING  SYSTEM  ****************** 


question! flt-ctrl-press-ind-symptom)  =  [' 

What  are  the  symptoms  of  the 
problem  ( "gripe1 )? 1 , nl] . 

leaaivals ( flt-ctrl-press-ind-symptom)  = 

T ' indicator  pointer  dees  not  move', 
low  pressure  indication 1 , 1  high  pressure  indication', 
'erratic  or  sluggish  pointer  movement']. 


/■* - FLIGHT  CONTROL  PRESSURE  INDICATING  SYSTEM  SYMPTOMS: 

INDICATOR  POINTER  DOES  NOT  MOVE 


The  following  troubleshooting  procedure  "Checking  the  HYDRAULIC 
BOOST  PRESSURE  Circuit  Breakers  are  in,  is  not  considered  a 
troubleshooting  procedure  by  the  NAES'J  tech  reps.  It  is 
commented  out  of  this  program.  It  appears  here  only  because  it 
cook  allot  of  programming  work  to  put  it  in! !  - 

whenfou.nd!  flt-ctrl-press-ind-symptom  = 

'indicator  pointer  does  not  move')  = 
display! [nl ,nl , 1 

Check  the  HYDRAULIC  BOOST  PRESSURE  N0.1  and  NO. 2  circuit 
breakers  located  on  the  cockpit  overhead  panel .  1  ,r.l , nl , nl]  ) . 


rule-24:  if  f lt-ctrl-press-ind-symptom  = 

'indicator  pointer  does  not  move' 
and  'circuit  breakers  are  out' 
and  display( [nl , nl , ' 

You  need  to  push  in  the  HYDRAULIC  BOOST  PRESSURE  N0.1  and  NO. 2 
circuit  breakers  located  on  the  cockpit  overhead  panel, 
before  you  can  begin  troubleshooting. ', nl.nl] ) 
then  hydr-prob-cause  =  'no  AC  electrical  power'. 


% 


a 


-proo-cause  =  '  no  AC  eiectnca.  p 

cuesticnf ' circuit  breakers  are  out’)  =  [nl 
A're  the  flight  control  pressure 
indicator  circuit  breakers  out?‘,nl}. 

legalvals (' circuit  breakers  are  out')  = 
when found ( f lt-ctrl-press-ind-symptom  = 


[ 1  yes  1 , 1  no 1 ] 


■indicator  pointer  does  not  move1)  = 
disolay( [nl.nl, ‘ 

The"  first  troubleshooting  check  of  thi: 


mg  check  of  this  symptom  is: 

check  for  26  vac  at  pin  B  of  indicator  socket  and  pin  B  of  the 
transmitter. 

Check  wiring  continuity. 1 .nl.nl.nl] ) . 


rule-25:  if  flt-ctrl-press-ind-symptom  = 
'indicator  pointer  does  not  move 


and  'connector  or  wiring  continuity'  =  'bad' 


and  display ( [nl ,nl , 

Repair  the  wiring  or  the  connector  using 
. . . . .  1  .nl.nl.nl] ) 


Ai -H46AE-420-G00 ,  WP  0C4  00. 
then  hydr-prob-cause  =  'Faulty  Wiring  or  Connector'. 

question^ ' connector  or  wiring  continuity')  =  [nl,' 

If  either  of  these  is  "bad"  enter  "bad": 

26  vac  at  pin  3  of  the  indicator 
socket  and  pin  B  of  transmitter 
OR 

wiring  continuity. 

If  both  are  "good"  enter  "good".']. 

legalvals ( ‘ connector  or  wiring  continuity')  =  ['good1,' 

whenfound( ' connector  or  wiring  continuity'  =  'good')  = 
display( [nl,nl, ' 

If  you  are  sure  that  the  connector  and  that  wiring 
continuity  are  both  "good",  do  the  following: 


bad'  ]  . 


£ 


check  the  pressure  with  a  direct  reading 
gauge  at  the  pressure  transmitter .' ,nl , nl] ) . 


good' 


rule-26:  if  flt-ctrl-press-ind-symptom  = 

'indicator  pointer  does  not  move' 
and  'connector  or  wiring  continuity'  = 
and  'dir  rdg  press'  =  'normal' 
and  displays [nl,nlt ' 

If  the  ‘direct  reading  pressure  at  the  transmitter  is  reading 
normally,  then  the  indicator  is  faulty. 

r* _ 1 _ j.  1 _ • _ i  • _ i _ _  1 _ t  r  a  r  *  ~ 


hi 


Replace  the  indicator  using  A1-H46AE-590-000 ,  WP  012  90 . ' , nl , nl , nl ] ) 
then  hydr-prob-cause  =  'Faulty  Flight  Control  Pressure  Indicator' . 


question( 1  dir  rdg  press')  =  [nl.nl, ' 
What  is  the  direct  reading  pressure 
at  the  transmitter  indicating?  '  ,r.l] . 


legalvals ( 'dir  rdg  press')  = 

[ 'nigh' , ’ low' , 'normal' , ' fluctuating' ] . 


-\l 


v-1 
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/* - FLIGHT  CONTROL  PRESSURE  INDICATING  SYSTEM  SYMPTOMS: 

LCW  PRESSURE  INDICATION  . . 

whenfcund(  f  It-ctrl-cress-ir.d-syrr.ptom  = 

1  lew  oressure  indication  )  = 
discL‘ay(  [nl.nl ,  ' 

Chick  the  reading  on  the  hydraulic  system  accumulators  (direct 
reading  crauges  .  " 

If  the  avdrauiic  accumulators  are  indicating  normal  pressures  in 
the  hvdraulic  systems,  then  the  indicators  or  the  transmitters 
are  faulty, '  ni.nl]). 

rule-29:  if  flt-ctrl-r ress-ind-symptom=  'low  pressure  indication' 
and  'dir  rdo  cress1'  =  'normal1* 
ar.d  display  f  [hi  ,nl ,  1 

If  the  direst  reading  gauge  indicated  normal  pressure, 
then  replace  the  indicator nlj ; 
then  hydr-prob-cause  = 

'Faults  indicator  or  transmitter  . 


■FLIGHT  CONTROL  PRESSURE  INDICATING  SYSTEM  SYMPTOMS: 
HIGH  PRESSURE  INDICATION 


vher.fcund(  flt-ctrl-cress-md-symptom  = 

'high  pressure  indication  )  = 
display' •  r.l , nl , 1 

The  first  troubleshooting  step  is  to: 

Troubleshoot  the  pressure  TRANSMITTER  and  INDICATOR . 

Compare  the  hvdraulic  accumulator  pressure  (direct  reading 
gauge ,  to  the* indicator .  If  the  accumulators  are  reading 
normal  pressure,  then  the  indicators  or  transmitter  is 
faulty . 

Second  troubleshooting  step: 

Check  the  wiring  continuity. 1 , nl.nl] ) . 

rule-SC:  if  f  it-ctrl-press-ir.d-symptom  =  'high  pressure  indication1 
ar.d  'wiring  continuity'  =  baa' 
and  display (  [nl ,  r  i ,  ' 

Repair  the  wiring  using 

A1-H45AE-42C-C00,  WP  C04  CO  .  1  ,  r.1 ,  nl ,  nl  j  ) 
then  hydr-prcb-cause  =  Incorrectly  Wirea  Indicator  or  Transmitter'. 

/* - FLIGHT  CONTROL  PRESSURE  INDICATING  SYSTEM  SYMPTOMS: 

SLUGGISH  CR  ERRATIC  POINTER  MOVEMENT 

whenfound(  f  It-ctrl-press-ir.d-symptom  = 

‘erratic  or  sluggish  pointer  movement')  = 
disniay;  [nl ,r.l ,  ' 

Trouoleshcot  the  pressure  TRANSMITTER  and  INDICATOR. 

Compare  the  hydraulic  accumulator  pressure  (direct  reading 
gauge)  to  the  indicator.  If  the  accumulators  are  reading 
normal  pressure,  then  the  indicators  or  transmitter  is 
faulty. ' , nl.nl] ) . 

rule-32:  if  flt-ctrl-press-ind-symptom  = 

'erratic  or  sluggish  pointer  movement' 
and  'dir  rdg  press'  =  'normal' 
and  display  f  [r.l ,  nl ,  1 

If  the  direct  reading  gauge  indicated  normal  pressure, 
then  replace  the  indicator  or  t:.e  transmitter .' ,nl] ) 
then  hydr-prob-cause  = 

‘Faulty  indicator  or  transmitter 

j -k-k-k.-k ***** *** *** -k-b-k  rjvjD  CF  HYDRAULICS  MODULE  *******************/ 
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